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I. INTRODUCTI a'J 
Cerebrospinal fluid (CSF) manifests many physiological and biochemical 
changes that occur within the central nervous system (D1S) just as blocxi 
reflects changes in the body. It is therefore a logica l starting point 
in the study of CNS metabolism. 
There is a definite need for new approaches t owar d the study of CNS 
metabolism. Most research in t his area has been conducted on anest hetized 
animals . This i s unfortlll1ate because such an animal is far f r om nonnal. 
In fact , it i s erroneous to infer that biochemical and f lll1ctiona l changes 
fotmd in anesthetized animals are applicable to nonnal individuals . This 
has been done much too frequently . 1here are few reports in t he l iterature 
on physiologi cal and phannaco-physiological studies of the CNS using 
l.ll1anesthetized subjects . However , in recent years r esearch workers have 
become more aware of the necessity for using l.ll1anesthetized animals in 
s tudying CNS metabol i sm. 1he principal difficulty encol.ll1t ered in using 
l.ll1anes thetized subjects i s in obt aining samp les for analysis and making 
various physi ological measurements with out producing discomfort and pain , 
which also e l icit changes. 
The primary objectives of this investigat ion were as follows : 
(1) t o develop a surgical t echnique for the establishment of a pennanent , 
indwe lling catheter in the cisterna magna or l at eral ventr icle of sheep to 
facilitate the measurement of CSF pressures , and to permit seria l sampling 
of CSF from tmanesthetized animals prior to , during and following induced 
convulsions. 
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(2) to develop a surgical t echnique for t he pl acement of a pennanent , 
indwe lling cat heter in the carotid artery of sheep to enable the reasurement 
of blood pressure and to obtain serial samples of blood prior to, during and 
following seizures , while at the same time maintaining patency of both 
carotid arteries. 
(3) to induce convulsive seizures in sheep using three different agents : 
(a) carbon dioxide (COz), (b) insulin , and (3) heptachlor, an insecticide 
capable of producing convulsions. 
(4) to study t he physiological and biochemical changes occurring during 
induced convulsive seizures, including blood and CSF pressure changes and 
changes in concentrations of enzymes , protein, glucose, and electrolytes . 
(5) to observe t he histopathological changes in the brain resulting from 
either the establishment of a cathet er in the CSF space or associated with 
convulsive seizures. 
Techniques for the establishrent of permanent, indwelling catheters i n 
the cisterna magna and carotid artery of sheep are described. Some of t he 
problems encountered during these procedures as well as the advantages gained 
f rom direct catheterization of the cisterna magna are discussed. Preliminary 
results of measurerents of biochemical and functional changes associated 
with convulsions are also presented. 
I 
t 
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I I. REVIEW OF LITERATURE 
A. Cerebrospinal Fluid 
The cerebrospinal fluid (CSF) system has been one of the last to be 
studied physiologically. Although CSF was known to have a mechanical 
ftmction of protecting the brain and cord from trawnatic injuries, not 
until the concept of a ''blood-brain barrier" caine into being after the 
turn of the twentieth century was it given physiological significance. 
Investigations of the "blood-brain barrier" led to studies on the effects 
of introducing various drugs into the CSF. Winterstein (1961) reviewed the 
reports on the effects of injecting various materials at different sites 
along the ventriculo-cisternal-subarachnoid system. 
Analyses of CSF constituents have aided in the diagnosis of various 
neuropathological conditions in human medicine , but have not been used 
extensively in veterinary medicine. 1he protein content of the CSF of 
normal and diseased patients has been studied. Goldstein et al. (1960) 
described methods for identification and quantification of proteins, 
glycoproteins , and lipoproteins in CSF. 1hey have given normal values, 
variations in protein content along the cerebrospinal axis , and the 
effects on the protein level of obstructive and nonobstructive diseases 
of the ventriculo-spinal canal. Other workers described methods of detecting 
normal and abnormal constituents in the CSF and discussed their clinical 
significance as diagnostic aids (Baker 1962 ; Oiapman and Wolf 1958; 
Kronholm 1961; Papadopoulos et al. 1959) . 
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Shain (1960) reviewed the literature regarding neurohumors and 
other phannacologically active substances in CSf-. Substances considered 
as neurohumors were acetylcholine and biogenic amines including epinephrine, 
norepinephrine, serotonin and histamine. In his discussion he points out 
that inadequate procedures are now used for research studies on CSF. Tuo 
suggestions are given: (1) cisternal CSF should be obtained for study 
rather than relying on lumber fluid since the fonner may yield positive 
data when lumbar fluids are negative and (2) better assay methods for CSF 
constituents are needed. 
Cerebrospinal fluid dynamics including pressure relationships to 
arterial and venous pressures have been studied. Davson (1956, 01 . 9) 
reviewed the literature pertaining to CSF dynamics . Bowsher (1960) wrote 
a more recent review on this subject. Most investigators concluded that 
body posture or position of the spinal colurrm at the time of measurement 
is important in determining CSF pressure , and that venous pressure has more 
influence on CSF pressure than does arterial pressure (Bowsher 1960; Davson 
1956; Gnmdy and Howarth 1957). Carmichael et a l. (1937) , however , showed 
that CSF pressure in patients sitting erect was influenced primarily by 
arterial pressure, rather than by venous pressure or r espirat ion. 
B. Catheterization Techniques 
1. Cerebrospinal fluid catheters 
The deve lopirent of techniques f or continuous perfusion of the 
ventriculo-cisternal system has provided advantages over simple injection 
procedures . Continuous perfusion permits l owering or elevating the 
I . 
't 
s 
concentration of various constituents of the CSF. 1his allows observation 
of the behavior of animals subjected to a deficiency or an excess of 
+ + ++ ++ cations such as K , Na , Ca , and Mg , and changes in co2 and pH. Adarr: 
et al. (1938) apparently were the first to use the perfusion rrethod. Leusen 
(1948a, 1948b, 1950) was the first to carry out systematic experiments 
using the perfusion technique in anesthetized dogs. His experiments 
indicated that abnormally high concentrations of CSF ~ or abnormally low 
++ ++ 
Ca or Mg caused a sustained rise in blood pressure and augmentation 
of presser reflexes in vagotomized dogs. Subsequent experiments using the 
same techniques have left little doubt that abnonnal concentrations of CSF 
constituents can produce substantial autonomic effects in anesthetized 
animals (Leusen 1954a, 1954b , 1954c; Leusen and Lacroix 1961). 
Winterstein (1961) described the various perfusion techniques used 
by several other investigators. Geiger (1958) reviewed the literature 
pertaining to brain perfusion in situ in an attempt to relate brain metab-
olism to ftmction. Bartelstone et al. (1958) also described a perfusion 
method for dogs. 
1he use of permanently implanted catheters has made it possible to 
inject substances into the intraventricular spaces of llllanesthetized 
animals . Feldberg and Shen~ood (1954a, 1954b , 1957) were the first to use 
such a technique extensively. TI1ey studied the behavior of animals following 
intraventricular injections of various ions, drugs and hormones. 1hey 
described a procedure in which permanent cannulae were introduced into one 
of the l ateral ventricles and the cisterna rnagna of cats. 1he cannulae 
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were covered with a rubber membrane which allowed the injection of 
substances without the conscious animal being aware of it (Fe ldberg and 
Sherwood 1953) . Manuilov (1952) briefly described a si mi l ar pr ocedure 
using dogs . Grundy and Howarth (1957) described an e laborate perfusion 
technique for determining CSF pressure in cats. Davison et al . (1962) 
described a t echnique for ventriculo-cisternal perfusion in rabbits. 
Other workers cannulat ed the l at er al ventricles of the Macaca monkey 
0~ada and Bauck 1961) . Palmer (1959) modified the technique of Feldberg 
and Sherwood for perfusion of sheep. Pappenheimer et al. (1962) described 
a pr ocedure for the perfusion of the ventriculo-cisternal system of 
unanesthetized goats using permanent indirect cannulae . 
Winterst ein (1961) stated t hat the perfusion method has several 
disadvantages . Abnormal conditions are created by the artificial perfusion 
fluid . It is impossib le t o det ermine the site of the effect of test 
mat erials and sometimes erroneous conclusions have been formed from such 
experiments . 
Although permanent cannulae have been used to study the effects of 
inject i ng or perfusing abnonnal concentrations of CSF constituents , drugs 
and hormones into the CSF space of animals, there are apparently no reports 
of using permanently imp lanted , direct, CSF catheters for detecting changes 
in the CSF accanpanying abnonnal CNS activity. Just as artif i cially created 
hi gh or l ow cation concentrations in the CSF can cause CNS and systemic 
changes , it is probab le that syst emic and ms changes are ref lected by 
changes in CSF constituents . Indeed there are many reports of biochemical 
7 
changes in the CSF associated with such neuropathological conditions 
as cerebrovascular disorders , tumors , and convulsive seizures. However, 
there are apparently no reports of studies on CSF sampled serially prior 
to, during and following convulsive seizures. 
2. Carotid artery catheters 
Techniques for cannulation of various vessels of the body for sampling 
and measuring pressure changes have been described . Weeks and Jones (1960) 
described a rrethod for pennanently implanting polyethylene tubing in the 
abdominal aorta of rats to facilitate sampling and direct pressure measure-
ments in unanesthetized animals without exciting them. These workers 
established the catheter through an incision into the abdominal cavity and 
brought the catheter out through the skin on the back of the neck. Popovic 
and Popovic (1960) described the pennanent cannulation of the aorta and 
anterior vena cava of r ats and ground squirrels by passing polyethylene 
tubing down the carotid artery and jugular vein, r espective ly. Barr and 
Soila (1960) described a technique for introducing a soft cannula into an 
artery by percutaneous puncture, in which the tubing served as a sleeve 
over a needle . Rampone (1959) cannulated the thoracic duct of dogs near 
its junction with the jugul ar vein . Blinova and Bartyze l (1956) developed 
a cannula for detennining the l at eral pressure of a vesse l without obstructing 
its l umen. 
Tilere are relative ly few reports of t echniques for catheterization of 
the blood vesse ls of l arge animals. J ackson et a l. (1960) used polyethylene 
8 
tubing to caJlnulate the hepatic , portal and renal veins and the renal 
artery and gall bladder of sheep in order to study insecticide metabolism. 
Carotid loops have been extensively used in sheep and goats to 
pr ovide easy access for pressure measurements and samplings of arterial 
blood. Linzell (1963) discussed this technique , describing the difficulties 
encountered and steps to overcome them. 
C. Cerebrospinal Fluid Enzymes 
Elevations in CSF enzyme activities have been reported in -association 
with several CNS neuropathological conditions in humans , dogs and cats. 
The enzymes considered in this paper include two transaminases (glutamic 
oxalacetic (GOT) and glutamic pyruvic (GPT)) and one dehydrogenase , (lactic 
dehydrogenase (LOH)) . Enzymatic transamination consist s of the catalyzed 
reversible transfer of the alpha-amino nitrogen of an amino acid to an 
alpha-keto acid with the resulting synthesis of a second amino acid and a 
second alpha-keto acid (Braunstein and Kritzman 1937; Mason and Wroblewski 
1957) . This is a major reaction in the maintenance of t he dynamic 
carbohydrate-amino acid metabolism within the body cells . LOH catalyzes 
the reversible oxidation-reduction reaction between lactate and pyruvate. 
Under normal conditions these enzymes are contained a lmost entire ly within 
the cells although limited activities are normally found in the blood sennn 
and CSF (Fleisher and Waki.m 1956 ; Hain and Nutt er 1960; Wr ob lewski 1957) . 
TI1e tissues containing the greatest ammmts of these enzymes are skeletal 
and heart muscles , liver and brain (Mason and Wrob lewski 1957) . It is 
I~ 
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gener ally believed that cellular degeneration results in the release 
of these enzymes into the tissue fluid and eventually into the blood 
and/or CSF. 
1here are conflicting reports concerning the leve l of activity of 
these enzymes in the CSF of patients and animals with neuropathol ogical 
conditions. In gener al, they indicate that elevations in CSF GOT and LDH 
activities are associat ed with nonspecif ic fulminating a.JS damage such as 
cerebrovascular accidents and with diverse conditions including thrombo-
embolisms, infections, degeneration and some neoplastic conditions. 
Green et al . (1959) studied enzyme activities in the CSF and brain 
tissue of patients with brain tl.Dllors. 1hey found inconsistent elevations 
of GOT , but consistent elevations of LOH activities. 
Pree et al. (196 1) examined GOT and GPT activities in serum and CSF 
from 307 patients suffering f rom various nervous conditions. TI1ey found 
pathological e levations in some cases of vascular, inf lammatory and trawnatic 
disorders of the a.JS. Most chronic diseases of the CNS produced no elevation 
of enzyme activities . Murawski et al. (1961) studied the CSF from 45 
patients with cerebrovascular accident s . Only 31 percent showed increased 
enzyme activities and the e levations were not correlated with severity or 
the clinical course of the respective cases . Their results suggested the 
existence of a hemato-encepha l ic barrier and possibly a brain-fluid barrier 
for GOT. 
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Dioguardi et al. (1960) studied cases of human cranio-encephalic 
trauma, not complicated by other lesions , and concluded that neither 
cranial trauma or shock caused Gar and GPT elevations in the CSF. 
Of special interest in re l ation to the significance of enzyme 
elevations in CSF is the controversy r egarding the existence of t he 
wide ly publicized ''blood-brain barrier". Wroblewski et al. (1958) 
reported no relationship between serum and CSF LOH activities , presumably, 
because of a ''blood-brain barrier". Workers at the Mayo Clinic showed 
evidence of a barrier in dogs with experiment al cerebral infarction 
(Fleisher and Wakim 1956; Waki m and Fleisher 1956) . Marked elevations in 
CSF transaminase activities were associated with on ly minor serum elevations. 
Converse ly , high serum transaminase activities resulting from intravenous 
injection of the enzyme or from experiment al acute hepatic necrosis were 
not reflected in the CSF. 
Green et al. (1957a; 1957h) observed no serum enzyme e levations after 
cerebral infarction although moder at e e levations were fotmd in the spinal 
fluid from 7 of 11 patients . 
Lieberman et al. (1957b) , however , reported elevated serum transaminase 
activities in 43 per cent of patients having cerebrovas01lar accident s but no 
myocardial infarction . Fleisher et al. (1957) also reported moder ate e leva-
tions in serum and CSF transaminase activities in patients with cerebro-
vascul ar diseases . Lieberman et al . (1957a) reported cases of striking 
dissociation between leve ls of GOT activities in simul taneous ly drawn 
specimens of bl ood and CSF. 1his wculd indicate the presence of a blood-
CSF barrier for GOT. 
ll 
Cerebrospinal f luid and p l asma enzyme leve l s have been studied by 
Lending e t al. (1959) in dogs in which prol onged convul s ions were induced 
by pentamethylene t etrazole or e l ectroshock . Seizures of longer t han 30 
minutes duration resulted in plasma and CSF GOT and LOH activi ties t hat 
were about 3 times greater than in controls. The ratio of cisternal 
fluid to plasma GOT and LOH leve l s was similar in the contro 1 and experi-
Irental gr oups. 1his suggest ed that t he r e was no major increase in 
penneabi li ty of the b lood- CSF barrier to these enzymes . They suggested 
that e levat ed CSF activities of GOT and LOH i mmediat ely follaiing prolonged 
seizures probably refl ected an increase in cerebr a l ce ll membrane 
penooability rathe r than actual cellular lysis . In the same study an 
increased penreabi l ity of the blood-CSF barrier to a lbumin Il31 was 
demonstrated. In a subsequent study (1961) in which puppies were subjected 
to pr olonged hypoxia , CSF GOT and LOH activities were 5 and 3 t i mes great er, 
respective ly, than controls . As in the convulsion experiments , an 
increased blood- CSF barrier penneability to a lbumin Il31 was demons trat ed. 
There a lso appeared to be increased blood-CSF pemeability to t he enzymes, 
r at her than actua l cerebral cell necrosis . 
In a clinical study en humans in which e lectroshock convul sions had 
been induced for treat rrent of neurologic disorders Mann et a l. (1960) 
found significant GOT e levations in t he CSF within 12 hours fo llo.ving 
seizures . The l eve l s of activity returned to control values within 48 
hours . 1hese authors reviewed the previous r eports on the effects of 
electroshock convulsions . 
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Assuming that there is an effective blood-brain barrier, elevated 
levels of enzyrres in CSF must be due to CNS cellular degeneration or 
increased perrreability of their membranes . If this asslilllption were 
true, then the diagnostic value of CSF enzyrre levels would be much 
greater than that of serum enzyme detenninations . 
In an effort to explore changes that may affect LDH and GOT activities 
in human CSF, Spolter and 1hornpson (1962) fotmd that these enzymes 
increased with age of the person and also with increased CSF protein 
content. 1hey pointed out, ha.vever, that conditions which allow the 
leakage of protein from blood into CSF, would not result in significant 
e levations in enzyme activities tmless the protein increase was great. 
Hain and Nutter (1960) had previously shCMn that CSF Gar and LDH activities 
increased linearly with age of human patients. 
Although many reports have appeared concerning CSF enzyme activities 
associated with neuropathological conditions in humans and small animals, 
there are few such reports for livestock. Because of species variation 
t he results obtained from humans and small animals may not necessarily be 
applicable for livestock. For instance, Cornelius et al. (1959) and Buck 
et al. (1961) showed that sheep and cattle did not have significant 
elevations in SGPT activities following acute liver necrosis as do dogs 
and humans. 
Apparently there are no reports on values of transaminase or LDH in 
CSF t aken during and following convulsive seizures in livestock. 
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D. Glutamic Acid and the Central Nervous System 
Glutamic acid is very important in central nervous system metabolism, 
and since it is the substrate upon which GOT exerts its action, it merits 
discussion. The evidence that glutamic acid p lays a significant role 
in CNS met abolism is based on the following facts: (1) Glutamic acid 
and its amide constitute about 40 to 80 percent of the total amino-
carboxyl-N of the brain (Quastel and Quastel 1961; Roberts et al . 1958a , 195 8b ; 
Weil-Malherbe 1950). (2) Glutamic acid is the common denominator for 
the buffer system that maintains a balanced pr otein-carbohydrate met abolism 
in the CNS (Kini and Quastel 1959; Wei l-!v!alherbe 1950) . (3) It is a 
precursor of y- arrQnobutyric acid, an amino acid that has been shown to be 
important in central nervous system inhibition (Bazemore et al . 1956 , 
1957; Elliott 1961; Elliott and Jasper 1959 ; Levin et al . 1961; Purpura 
et al. 1957a, 1957b ; Roberts 1956 , 1960 ; Roberts et al. 1958b; Wae l sd1 
1949) . (4) Glutamic acid has been shown clinically t o antagonize 
convul sive seizures of various origin , and has been an effective substitute 
for glucose in insulin hypoglycemia (DeRopp and Snedeker 1961; Mayer-Gross 
and \'la lker 1947 ; Quastel and Quaste l 196 1; Tschirgi et al. 1949 ; Waelsd1 
1949) . 
The enzyme , GOT , catalyzes the reversible fonnation of glutamic acid 
from a-ketoglutaric and aspartic acids , and is tmdoubte<lly an i mportant 
link in the dynamic maintenance of glutamic acid in the CNS. 
The significance of glutamic acid in the metabolism of central 
nervous tissue was reviewed by Weil-Malherbe (1950). The principal 
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d1emical r eactions of glutarnic acid t hat are known to occur in t he 
brain are: (1) deamina~ion , (2) transamination , (3) amidation and 
(4) decarboAylation. 1he decarboxyl ation of glutamic acid results in 
the production of y- aminobutyr ic acid (GABA). The role of GABA as an 
inhibitor in the QllS has been reviewed by Elliott and Jasper (1959) and 
Roberts (1960). These four rrethods of enzymic transfonnation of glutamic 
acid are no doubt vi t a lly r e l at ed t o CNS ftmction. Thus glutamic acid 
serves as a link among 0-JS carbohydr ate and protein metabol ism , the 
neutralizati on and r emoval of intrace llular ammonia , and perhaps serves 
as a precursor of central memical mediat or(s) . 
E. Cations in t he Cerebrospinal Fluid 
1he i oni c composition of the CNS intrace llular and extracellular 
flui d has a definite effect upon brain excitability (Davson 1956 ; Kini 
and Quast e l 1959 ; Woodbury and Kar ler 1960) . The effect of manges in 
CSF concentrations of r , Ca++ and Mg++ has been studied by Leusen in 
anesthetized dogs (1948a , 1948b , 1950) . ht excess of K+ i ons caused 
increased blood pr essure and vasomotor r eflexes whereas excess ca++ or 
~~++ r esulted in decreased blood pressur e and vasomotor r eflexes . Absence 
of or l o.'ler ed CSF Ca++ r esulted in increased blood pr essure and vasomotor 
reflexes , while l ™er cd K+ or Mg++ had no effect. 1here i s evidence that 
an extracellular f lux of K+ is associat ed with increased br ain excitability 
(~'byer et a l. 196 1) • Krebs and Egglest on (1949) sho.'ied t hat gl utamic aci d 
prevented l oss of ~ f rom brain slices incubated in vitro. 1-lo..,ever, Brindley 
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et ~· (1960) shCJ\ved that GABA had very little inhibitory effect on 
intracellular loss of K+ in the rabbit cortex. 
1he ratio of intracellular to extracellular concentrations of Na+ 
is also considered to influence brain activity (Fois et al. 196 1; 
Woodbury and Karler 1960). ~~yer et al. (1961) measured a decrease in 
extracellular sodium concomitant with seizure activity in monkeys and cats. 
Pappenheimer et al. (1962) breifly reported that ventriculo-cisternal 
perfusion of goats with an artificial CSF low in ca++ caused a marked 
hyperexcitability. 
Hurley et al. (1963) reported that rats fed a manganese deficient 
diet showed increased susceptibility to electroshock convulsions. 
Several workers have studied the distribution of e lectrolytes 
between the plasma and CSF (Davson 1956, Ch. 8). 1he objective of these 
investigations was primarily to determine i f the transfer of cations from 
plasma to CSF is an active process involving selective secretion by a 
blood-brain-CSF barrier or simple diffusion. Kemeny et al. (1961) 
injected excess ca++, Mg++, K+ and Na+ ions intravenous ly in dogs but 
found little or no change in CSF concentrations. This suggested the 
existence of a selective mechanism which insured the stability of the 
cation concentrations in the CSF. Visscher and Carr (1944) previously 
showed that radiosodium in canine plasma s l owly equilibrated with the CSF. 
1heir experiments showed that equilibration takes p l ace much s l CJ\ver in 
tmanesthetized animals than in those under pent obarbital anesthesia. 
Davison et al . (1962) studied the rates of disappearance of Na24 and a 
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variety of substances f r om the CSF of rabbits . Rates of escape were 
expressed as the percentage of Na24 loss. 1here seems to be general 
agree~nt that cationic transfer between plasma and CSF is an active 
selective process . 
Although considerable research has been directed toward determining 
the effect of alterations in CSF electrolytes on CNS activity , less 
emphasis has been given to t he study of the effects of brain activity 
on CSF electrolyte composition. Eiduson et al. (1960) studied spinal 
fluid constituents fo llmving electroconvulsive therapy in 96 mental 
patients . 1hey fotmd no changes from nonnal values in Na+, K+ , ca++ 
and t otal protein . Fois et al . (1961) studied the QIIS tissue electrolyte 
pattern in guinea pigs with allergic encephalomyeli tis, a conditi on 
characterized by high susceptibility to convulsions. 1hey concluded that 
a depletion of intracellular K+ and increase in intrace llular Na+ and 
water content occurred in the cerebral cortex of affected guinea pigs . 
Seizures and encephalographic abnonnalities appeared in strict correlation 
with marked increases in intracellular sodium. There was no correl ation 
with ce llular water increase or potassitun decrease . 
1here is a paucity of infonnation in the literature pertaining to 
the electrolyte composition of CSF taken serially before, during and 
fol lowing convulsive seizures . 
F. Convulsions and Central Nervous System Activity 
1. COz convulsions 
1he effects of inhalation of high concentrations of COz on the CNS 
I 
17 
of animals have been studied by Woodbury and Karler (1960) and 
Woodbury et al. (1958) . The inha lation of gas mixtures containing 
carbon dioxide produces inhibitory or excitatory responses depending 
on the concentration of COz in the mixtures. Woodbury and Karler 
(1960) indicated that the action of COz upon the CNS is dependent upon 
specific electrolyte and amino acid changes . Earlier, Leusen (1954a, 
1954b , 1954c) , studying the effects of perfusing co2-rich solutions into 
the ventriculo-cisternal system of anesthetized dogs , showed that COz had 
a direct effect on the respiratory center, causing increased respiratory 
rate. 
Meyer et al. (1961) reported on continuous measurements in cats and 
monkeys during convulsive seizures. 1bey measur ed e lectrocortical 
activity (EEG), cortical Oz , COz, pH, and extracellular Na+ and K+ . 
Concurrent measurements were also made on arteri a l blood pr essure , co2, 
0 + + z , pl-I , Na and K • Convulsive activity was produced by the app lication 
of penicillin to the cortex, by insulin hypoglycenua and by trauma. Spike 
activity was inhibit ed by producing brain acidit y with COz inha lation or 
by injecting acet azol amide or acid intravenously. Changes accompanying 
seizure activity included an extracellular f lux of K+ and a reduction of 
extr acellular Na+ presumably because e lectrica l activity of the brain 
exceeded the pace at which the sodium pump removed intrace llular sodium. 
Mullenax (1961) and Mullenax and Dougherty (1963) studied the effects 
of inhal ation of high concentrations of COz in swine and sheep. Convulsi ons 
and irrunobilization were produced by a llowing the animals to inhale a mixture 
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of 68 percent co2 plus 32 percent air or Oz . Changes in blood gas 
concentrations , blood pH, heart rate, blood pressure , respiratory 
frequency , electrocardiograms , e lectroencephalograms and muscle 
activity were measured. Electr oencephal ograms showed an increased 
ampl itude and decreased frequency of waves during co2 inhal ation. RetuITl 
to the normal pattern required one hour. \\'here co2 was administered t o 
animals previously anesthetized with sodium pentobarbital, EEG wave 
amplitude was markedly reduced during co2 inha lation. The effects of 
COz on the EEG pattern in this case disappeared within 10 minutes. 
2. Insulin convulsions 
The effects of insulin hypoglycemia on the CNS have been studied in 
humans and l aboratory animals in association with the use of insulin for 
the treatment of mental diseases . Since the original work of Stief and 
Tokay (1932) , many investigators have observed that severe hyperinsulinism 
produces marked toxic effects in the CNS (Hassin 1939; Lawrence 1942; 
Winke lman and Moore 1940) . 
If t he dosage of insulin i s great enough to reduce blood sugar 
markedly be l ow normal, depression and convulsive seizures deve lop in 
both normal and diabetic indivi duals . It is gener ally believed that the 
effects on the brain are due to insufficient glucose supply (Hicks 1950 , 
1953). Others have suggested that the damage may be produced by an 
accompanying brain hypoxia (Ferris et al. 1941 ; Liebel and Hall 1938; Tyler 
194 1; Tyler and Ziskind 1940) . 
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Lesions found following insulin shock convulsions are confined 
primarily to the CNS . 1hey consist of diffuse and focal types of 
parenchymatous degeneration of the cortex , hippocampus , basal ganglia , 
tha lamus, medulla, cerebe llum and spinal cord (Altschul and Fineberg 
1949 ; Hassin 1939; Winkelman and Moore 1940) . 
Until recently convulsive seizures had not been produced in sheep 
and goats by injecting insulin. Bodansky (1924) was unable to cause 
depression of sheep blood glucose lower than 30 mg percent regardless 
of the dosage of insulin given. Cut ler (1934) noted that l arge doses 
of insulin were required to produce shock in goat s (4 to 10 units/kg) . 
Symptoms of hypoglycemia were mani fested only when the bl ood sugar was 
maintained at a leve l of 10 to 25 mg percent for at l east 5 to 8 hours. 
Salivation , depression and coma , but no convulsive seizures were seen. 
These investigators injected t he insulin intravenously . Others have 
noted that convulsive seizures were not observed in sheep given insulin 
intravenously even though severe hypoglycemia was produced (S to 8 mg 
percent), (Hitchcock and Phillipson 1946 ; Reid 19S l a , 195 lb ; Strand et al. 
1934). However , when insulin was inject ed subcutaneous ly in sheep, 
Jarrett and Potter (1953) reported severe continuous convulsions . 
McCl ymont and Setchell (1955, 1956) al so produced convul sive seizures by 
injecting insulin subcutaneously in sheep at a rate of 5 or 10 tmits per 
kg aft er 4 days of fast ing. I t is evident, therefore , that some factor or 
factors other than b lood glucose concentration det ermines the t ype of 
symptoms produced in sheep and goats . One factor may be the route of 
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insulin administration since subcutaneous inj ections are more likely 
to produce convulsive seizures than are intravenous injections. 
3. Heptachlor convulsions 
Convulsive seizures have been produced in sheep and calves by oral 
and dermal administration of heptachlor (Rade leff et al. 1955) . Heptachlor 
(3a, 4, S, 6, 7, 8, 8-heptachloro-3a , 4, 7, 7a-tetrahydra-4, 7-methano-
indene) is a cyclodiene chlorinated hydrocarbon insecticide , representative 
of the group which includes aldrin, dieldrin, chlordane, toxaphene and 
endrin . 
Radeleff et al. (1955) and Buck et al . (1959) described the symptoms 
and lesions observed in animals poisoned by heptachlor. The symptoms 
almost exclusively involved the CNS , manifested primarily by intermittent 
clonic-tonic convulsions . Central depression f requently intervened 
between seizures . Some animals exhibited only severe depression without 
seizures . Other symptoms that accompanied heptachl or toxicity include 
extremely high temperature and drooling of high viscosity saliva. Post-
mortem examinations of animals poisoned by chlorinated hydrocarbon 
insecticides , including heptachlor, were characteristically negative for 
pathognomonic lesions. Hemorrhages and congestion of the parenchyrnatous 
organs were conmonly seen. The brain frequently showed engorgement of the 
meningeal vesse ls and edema. 
There is a dearth of inf orrnation regarding physiologica l and bio-
chemical changes in the bl ood and CSF ocOJrring during convulsive seizures 
produced by chlorinated hydrocarbon insecticides . 
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III. MA1ERIALS AND METIIODS 
A. Animals Used; 1heir Care and Management 
1\venty cross-bred Columbia ewes , 1 to 2 years old, were used in this 
study. They were housed in an enclosed building at a fairly constant 
t;emperature of approximately 72° F. They were fed alfalfa hay and 
dehydrated alfalfa pellets free choice, plus whole oats during the post-
operative recovery period. Water was available at all times . 
The sheep were observed daily during the postoperative recovery 
period and almost continuously during the time of inducement of convulsions. 
Any abnormal attitude or symptom was noted. 
B. Surgical Techniques 
1. Cerebrospinal fluid catheterization 
Improvements were made in catheter design, surgical technique for 
placement, and postoperative care over a period of 2 years in an attempt 
to provide a means for measuring CSF pressure and obtaining samples . 
Preliminary studies were conducted on 17 mongre 1 dogs in an attempt 
to cannulate their lateral ventricles . It was assumed that changes in 
the CSF reflecting brain changes would first be evident in ventricular 
f luid. Unsuccessful attempts to establish permanent indwe lling ventricular 
cannulae were made 1n 15 dogs before the idea was abandoned. Regardless of 
the type or design of cannula used or the method used to place it into the 
late ral ventricle, it would remain functiona l only a short time. The tips 
became clogged with the choroid plexus or a fibrin-like membrane . Partially 
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ftmctional catheters were established in the cist erna magna of two dogs . 
The remainder of the surgical development and the work reported herein 
were with adult sheep . 
Although the method of placement of a pennanent, indwelling cannula 
in the cisterna rnagna of sheep was improved upon throughout the course 
of the investigation, some unsolved pr oblems remain. However, it has 
proven satisfactory for the continuous measurement of CSF pressure and 
for serial sampling the CSF during any stage of activity of unanesthetized 
sheep. 
A cannula similar to the one illustrated in Plate 1 was used. It was 
constructed of vinyl tubing1 (outside diameter (o . d. ) 0. 088 inch and inside 
diameter (i.d.) 0.054 inch). The angled tip _and collars were fanned by 
heating the tubing after a stiff wire stilet was inserted into the lt.nnen. 
After the catheter was formed it was washed, coated with a silicone 
material2, and sterilized by autoclaving at 121° C for 20 minutes . Rubber 
gloves were worn during surgery because it was fotmd that prevention of 
contamination of the catheter with foreign material was essential. The 
anchor suture , described belo,.,, was 0. 3 mm nonabsorbable material 3 
(Vetafi 1) • The overal 1 length of the cannula was approximate ly 6 inches. 
1vinyl IV tubing, Cat. No. PV-400. Clay- Adams Inc., 141 E. 25 Street 
New York 10, N. Y. 
2Siliclad(R) , Clay-Adams Inc. 
3vetafil(R), Dr. S. Jackson, importer , Washington 11, D. C. 
' I 
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Each sheep was held off feed 12 hours prior to surgery. A few 
minutes before induction of anesthesia, atropine was injected intra-
muscul ar ly at a rate of approximate ly 1/ 4 mg/kg to reduce sal iva accumul a-
tion in t he anesthesia system. The wool on the head and neck was clipped. 
Induction of anesthesia was accomp lished by intravenous injection of 
thiamylal sociium1 to effect . A cuffed endotracheal catheter was passed 
into the t rachea and connected to an anesthesia machi ne uti lizing a 
mixture of cycl opr opane and oxygen . Anesthesi a was maintained with a 
1:4 mixture of these gases using a closed circle system. The sheep was 
positioned on i ts s t ernum and the surgical site scrubbed with a brush 
using a disinfectant detergent . All instruments , towe l s and drapes were 
autocl aved. 
A 3- inch skin incision was made on the dorsal mi<lline of the neck 
beginning at the external occipital protuberance and continuing caudally 
immediate ly over the ligamentum nud1ae (Plate 1) . The subcutaneous fat 
was divided and the ligamentum nuchae exposed . The two t endons of the 
ligamentum nud1ae were r etract ed , exposing the muscl es that attad1 t o 
the occipital bone and atlas . These muscles were bluntly dissected from 
the occiput and atlas with a periosteal e l evator , expos ing the median 
occipital crest dam to the al anto-occi pi tal membrane . The mus cles 
were dissected f rom this tough membrane leaving it exposed over the 
cisterna magna. 111e sheep ' s head was then f lexed as much as possib le . 
1surita 1CR) , Parke , Davis & Co., Detroit , ~lichigan . 
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A small incision was made in the atlanto- occipita l membrane using a 
pointed scalpe l. It was important that this be made exactly in the 
center of the triangle bol.ll1cled by the "V" shaped articular surfaces of 
the atlas and the caudal point of the median occipita l crest . Othen.,rise , 
bl ood vessels were i nvariably severed and the profuse bleeding was very 
difficult to control. A small hemostat was inserted through the incision 
in the atlanto-occipital menbrane and spread to enl arge the opening . 
A~er enlargement of the incision to approximate ly 1/4 ind1 in dia~eter , 
the hemostats were used to gently extract the epidura l fat , exposing the 
dura mater over the cistem a macna. The free ends of the anchor suture , 
\vhich was attached t o t he upper collar of the catheter , were then loose ly 
placed in the atlanto- occipi t::il membrane , one on each side of the incision . 
Nith the head f lexe d and the dura over the cistema magna exposed , a 
sterile 24 ga. needle attached to 10 cc syringe was used to withdraw as 
nruch CSF as possib le . Usually , 5 to 8 cc were withdrawn. Using 3- inch 
artery forceps and a pointed scalpel the pl.ll1cture hole in the dura was 
enlarged to a l low the passage of the catheter. The catheter tip was t hen 
inserted through the hole in the dura and directed fonvard into t he 
cistema rnagna tmti l the first col lar r es ted against the dura mat er . The 
anchor sutures were then t i ghtened securing the second collar to the atlanto-
occi pital membrane . After placing antibiotics in the incision , t he ret ractors 
were re l eased allowing the t endons of the ligamentwn nuchae to return 
t ogether , and the skin was closed with mattress sutures using 0 . 40 nnn 
Vetafil. All but 1 ml of t he CSF previous ly withdrawn f rom the cistema 
I 
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magna was replaced through the catheter. The 1 ml retained was used for 
biochemical ana lysis and served as a control sample . 
A met a l Lue r-lock adapt er! was p laced on the ext ernal end of the 
catheter to facilitate its attachment to a pressure transducer or Luer-
lock syringe . \\!hen not in use , the adapter was capped and p l aced in t he 
pocket of a specially made mus lin collar worn by the sheep at a ll times . 
2. Car otid artery catheterization 
A catheter represent ative of those used t o cannulate the car otid 
artery of sheep is pictured in Pl at e 1. It was made of polyet hy lene 
No. 100 tubingl (o.d. = 0 . 060 inch; i. d . = 0. 034 inch) . A collar was 
fonned approximate ly 8 inches f r om one end by heati ng t he tubing over a 
small f l ame . A stilet made of pi ano wire was inserted in t he l umen t o 
pr event its collapse when the t ubing was heated. 
The catheter was pl aced in the l eft car oti d art ery i mmediately 
follO\-ving the p l acement of the cisternal cat heter. The sheep was positioned 
on its right side , t he skin disinfect ed , and dr apes were p l aced over t he 
surgica l site . A skin incision was made just belrnv t he l eve l of t he 
jugul ar ve in beginning at t he rrunus of the mru1dible and extending caudally 
2 t o 3 inches (Plat e 1). The left carotid artery was exposed by b lllllt 
di ssection usually disclosing t wo small br anches about 1 to 2 inches 
post erior to the r amus of the mandible . ·n1c l ar gest of t hese two brandies , 
consi de red to be the thyr o l aryngeal, was ligated appr oximate l y 1 inch from 
lc 1ay- Adru11s , Inc. , New Yor k , N. Y. 
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the carotid artery. After temporarily ligating the main carotid trunk 
both anterior and posterior to the origin of the branch, a small incision 
was made in the branch about 1/2 inch from its origin. The catheter was 
passed through the incision into the brand1 and down the carotid artery 
tO\lfard the heart as far as the collar would a llow (approximate ly 8 inches). 
The temporary ligatures were removed from the main tn.mk i nunediat ely before 
the catheter was passed a llrnlfing the blood to f low free ly through the 
carotid artery . A size 0. 30 nun Vetafi 1 ligature was anchored to the 
collar and used to ligate the thyrolaryngeal branch containing the 
catheter i mmediate ly proximal to the collar. The anchor ligature was 
then passed through muscle and fascia to stabi lize the cat heter. Anti-
biotics were placed in the incision and the wolllld closed \vith mattress 
sutures using 0. 4 nun Vetafil. Physiological saline solution containing 
.OS percent heparin was flushed through the catheter and a Luer-lock 
adapter and valve were fixed to the external end to faci litat e connection 
to a pressure transducer or syringe . When not in use the adapter was 
capped and placed in a pocket on the muslin collar . 
C. Postsurgical Care 
The day of surgery and each day thereafter for 2 to 3 days each sheep 
was given intramuscular injections of penici llin and streptomycin 
(1 ,000 ,000 units of penicil l in p lus 1 gm. streptomycin) and the bandage 
was d1anged and body temperature recorded at this time . Beginning about 
the third day following surgery and every day or so thereafter , samp les 
of CSF and blood were taken for biochemical analyses. Each sheep was 
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usually sufficiently recovered to be placed on experiment within 10 
days following surgery. 
D. Inducen~nt of Convulsive Seizures 
1. Carbon dioxide 
A mixture of 68 percent carbon dioxide (COz) and 32 percent oxygen 
(Oz) was prepared by passing the gases from their respective cylinders 
through a wet-test meterl into a large spirometer.2 Convulsive seizures 
were induced by the administration of the COz-Oz mixture from the 
spirometer through a face mask attached to a previously described one-way 
breathing valve (M.lllenax and Dougherty 1963) . The breathing valve was 
connected to the spirometer by flexible tubing. 111e sheep were confined 
to a small crate during the co2 inhalation to facilitate the recording of 
CSF and blood pressures and respiratory rate during seizures . The gas 
mixture was administered to each animal for approximately 6 minutes . 
Convulsive seizures followed by immobilization were produced in 6 
sheep. Each sheep served as its own control , being subjected to the 
identical conditions as during the inhalation of the co2-0z mixture except 
that the spirometer was filled with room air. 
In both the control and seizure experiments recordings were made of 
CSF pressure, blood pressure and respiratory rate. They were recorded 
1Precision Scientific Co., Chicago, Ill . 
2
01ain Compensated Gasometer (600 liter), W ~ E. Collins , Inc. 
Boston, Mass. 
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before placing the mask on the sheep , continuously during co2-o2 
inhalation , and intennittently for 2 to 4 hours fo llowing seizure 
production. 
Blood and CSF samp les were taken simultaneous ly from their 
respective catheters before app lying the face mask , and at 1, 6, 15, 
30 , 60 , and 120 or 240 minutes after beginning gas i nhal ation. 
2. Insulin 
Convulsive seizures were induced in 5 sheep by subcutaneous injections 
of insulin following l to 2 days of fasting . Three other sheep were fasted 
and served as controls . Ten units of regular insulin! per kilogr am body 
weight were given either as a single dose or in divided doses . Blood 
pressure , CSF pressure and respirat ory rate recordings were made and 
samples were taken from each sheep before and during convulsive seizures . 
The control animals were treat ed similarly. 
3. Hept ach lor 
Seizures were induced in 4 sheep by oral administration, via stomach 
tube , of a 25 percent emul sifiable concentrate of heptachlor diluted with 
an equal vol~ of tap water. Doses from 150 to 300 mg/kg heptachlor were 
given . As in the insulin and co2 experiments , CSF pressure , blood pressure 
and respiratory rate recordings were made and samp les were t aken before , 
during and following seizures if the sheep survived. 
1LenteCR) , 80 units per ml , Eli Lilly Co., Indiruiapolis, Ind. 
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E. Analyses of Bl ood and Cerebrospinal Fluid 
1he blood and CSF samp les t aken simultaneously from the sheep were 
subject ed to detenninations described be 10\Y' . 
1. Glucose 
Gl ucose was dctennined by the glucose oxidase met hod first pr oposed 
by Kest en (1956) and developed by Teller (1956) using commercial reagents •1 
Duplicate detenninations were made on heparinized b l ood . '!he f iltrate was 
made by mixing 0.4 ml of b l ood, 3. 6 ml distilled wat er, 2.0 ml of a S 
percent BaS04 solution and 2. 0 ml of a 4.5 percent ZnS04 solution. Til.is 
mixture was fil t e r ed through What man No. 1 paper . One ml of fi ltrat e was 
incubated at 37° C with 4 ml of the reagent for 30 minutes . TI1e reagent 
was prepared by diluting the powdered material in the chromogen and 
Glucostat vials to 80 ml with distilled water. After incubation , a drop 
of 0. 4 N HCl was added and irrunediatel y mixed . After S minutes the optical 
density was measured at 400 mµ wavelength in a spectrophot o;neter . 2 Duplicate 
standards were prepared with each group of determinations . 
Single detenninations were made on the CSF using 0 .1 ml fluid , 1. 9 r;1 l 
water , 1. 0 ml BaCl-1 , and 1.0 ml ZnS04 to pr oduce the filtrate . Two (2) ml 
of fi l tr::ite ~vere incubated with 2 ml of reagent . The reagent was prepared 
by diluting the Glucostat and chromo~en to SO ml \vi th water . As with the 
bl ood gl ucose , duplicate standards \vere prepared with each group of 
dete11ni nat i ons . 
l Glucostat Special CR) , Wort!1ington Bioc!1emica l Corp ., Freehol d , N. J . 
2Beckman DU , Beckman Instruments Co., Fullerton , Calif. 
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2. Transaminase 
Serum glutamic- and pyruvic-oxalacetic transaminase activities were 
detennined by the method described by Reitman and Franke l (1957) using 
conunercially prepared reagents 1 and Sigma instructions (1960) . The O. 4 N 
NaOH was prepared in our laborat ory . Cerebrospinal f luid activities were 
detennined using one-half the recorrunended volt.Dnes . 
3. Lactic dehydrogenase (LOH) 
Ser um and CSF LDH activities were detennined by the colorimetric 
method described by Berger and Broida (1960) using comnercially prepared 
reagents •1 
4. Electrolytes 
Sen.nn and CSF sodium and potassium values were detennined by flame 
photometry. 2 Samples were prepared in a 1:100 di lution , using a protein 
precipitant consisting of 5 percent trichloroacetic acid (TCA) and 10 
percent isopropyl al cohol in distil led water as described by Beckman 
Instruments Co. (1957). ·Calibration curves were constructed from mock 
serum working standards prepared as reconurended by Te lch (1959) and 
diluted in the same manner as the samp les . 
1Sigma 01emical Co., St. Louis 18, Mo. 
2seckman Mode l B Spectrophot~ter , Beckman Scientific Instruments 
Division , Fullerton , Calif. 
I I 
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Calcium and magnesit.nn values were determined with a f luorometer. 1' 2 
Ca lcit.nn values were determined using the method described by the 
Turner Company, which is based on a paper by Kepner and Hercules (1963) . 
111e method is based on the princip le that the indicator, Calcein , 3 
combines with Ca++ at pH 12 or above and wi ll fluoresce when activated 
with ultravi olet light. The f luorescence is then quantitated with the 
fluorometer . At this pH Mg++ and proteins do not interfe re with the 
determination. Glassware must be absolutely clean and f ree of ca++ . 
Deionized or redistilled water must be used . The det ermination requires 
an ammmt of serum, CSF , or st andard that contains from 1 to 5 µg of Ca++. 
This is usually 10 t o 20 µl of sert.nn or CSF. Standards were prepared by 
dissolving analytical gr ade Caco3 in hydrochloric acid and di luting with 
wat er . A Calcein stock solution was prepared by di ssolving 90 mg Calcein 
in 500 ml propylene glycol . A 0.5 N KOH solution was prepared and 0.2 ml 
of a . 002 M ethylenediaminetetraacet at e (EDTA) solution was added per 
liter to bind the ca++ present in the reagent s , thus reducing the bl ank 
f luorescence . Sert.nn or C:Sr was diluted 1:10 or 1:100 i n a TCA-isopropyl 
alcoho l solution (5 per cent TCA; 10 percent alcohol; water) , mixed , and 
centrifuged. Duplicate aliquots of the supernat ant each representing 10 
to 20 µl of serum or CSF were pipetted into clean, new test tubes that 
1Appreciation i s expressed to Ors . Harvey Diehl and Ger al d Spi e lholtz , 
Dcpartr.-ent of Olemistry , Iowa State University , for furnishing the reagents 
and assisting in adapting these methods for senun and CSF analyses . 
2~10de l 110 Fluorometer , G. K. Turner Assoc. , Palo Alto , Calif . 
3
G. Frederick Smith 01emical Co. , Colt.nnbus , Ohio . 
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were washed in tap water and rinsed 3 times in demineralized gl ass -
distilled water. Ten ml of redistilled water were added and mixed 
mechanicallyl followed by 5 ml of a KOH-Calcein working solution. The 
l atter solution was made by adding the Calcein stock solution to the O. 5 
N Ka-I solution at the r atio of 1 to 10 . After adding the KOH-Calcein 
solution , the sample was again mixed and transferred to clean , ~test 
t ubes (13 x 100 mm) which were used for cuvettes . The fluorescence was 
measured within 8 to 10 minutes as the intensity of fluorescence was not 
stab le past that time . Standards and a blank were included with each 
group of determinations and were treated in the same manner as s amples . 
Serum and CSF ca++ values were estimated by comparing their intensity of 
fluorescence with the s tandard curve . 
Magnesium values were determined using the method described by Diehl 
et al . (1963) . In this procedure £ ,£ ' -dihydroxyazobenzene2 conmines with 
Mg++ , but not with Ca++ , at pH 10 or above (optimum pH 11. 0) to form a 
compol.D1d that f luoresces . The intensity of f luorescence is directly 
proportional to the quantity of Mg++ present in the sample . The fluorescence 
i s st ab le indefinitely , but the intensity is increased when t he samp le is 
cooled. 
A st ock solution of £ ,£ ' -dihydroxyazobenzene (appr ox •• 0025 M) was 
prepared by dissolving 0. 535 gm of the cryst a lline reagent i n a mixture 
1vortex Junior Mi xer , Scientific Industries, Inc. Queens Village , N. Y. 
2G. Frederick Smith O'lemical Co., Columbus , Ohio . 
I' I 
i I 
,j 
j 
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of 10 ml of ethano 1 and 10 ml of 2 M potassit.nn hydroxide , and di luting 
to 1 liter with deionized water. 
A working solution was prepared by mixing the following : 200 ml 
stock _£,£' -dihydroxyazobenzene solution, 106 ml I-!Cl (52 . 5 ml concentrated 
HCl diluted 1: 1 with deionized water), 100 ml triethanol amine , and 134 ml 
redistilled ethylenediamine; this mixture was diluted to 2 liters with 95 
percent ethanol. 
The standards and samples (containing 0 . 5 to 20 µg magnes ium) were 
placed in clean 15-ml graduated centrifuge tubes . Ten (10 .0) ml of working 
solution were added followed by deionized water at a quantity sufficient 
to make a total of 14 ml. The tubes were capped with plastic stoppers and 
inverted to mix the contents . If whole sen.un were used , the resulting 
precipitate was removed .by centrifugation . The intensity of fluorescence 
was usually measured within 4 hours and never later than within 24 hours 
(excitation filter , 470 mµ peak; fluorescence filter , 580 mµ peak) . To 
estimate the Mg++ content the intensity of fluorescence of the samples 
was compared to a standard curve which was prepared with each group of 
determinations. Duplicate determinations were made on each sample . 
5 . Total cerebrospinal fluid protein 
Total CSF protein content was measured using the method of Lowry et al. 
(1951) as modified by Spalter and Thompson (1962). One- tenth (O.l) ml of 
CSF was used. Standard beef albt.nnin was used for standards which were made 
up and frozen . Duplicate standards were thawed and used with each group 
of determinations. 
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6. E!i 
Blood and CSF pH were determined in the co2 experiments using a 
method previously described by Mullenax and Dou~1erty (1963) . 
7. Blood packed cell volume 
Bl ood packed cell volume (PCV) was determined in the COz experiments 
with the method of McGovern et al . (1955) using a micro-capi llary 
centrifuge and micro-capillary tube reader.I 
F. Recording of Physiological Data 
Carotid artery bl ood pressures and CSF pressures were recorded by 
connecting the respect ive catheters to a pressure transducer . 2 The 
transducer used for measuring CSF pressure was mm.mted to the animal' s 
head at the leve 1 of the cisterna magna. The transducers were connected 
to a polychannel direct writing recorder. 3 Respiratory r ate was measured 
using a pneumograph . 
Carot id blood pressure , CSF pressure in the cisterna rnagna and 
respiratory rate were recorded before , during and fol lowing the induction 
of convulsive seizures . 
G. Postmortem Examination 
Post mortem examinations were made on 13 sheep. The operative site 
and position of the catheter were specifically examined. The brain and 
1International Centrifuge , Model MB , and Reader , Model CR , Inter-
national Equipment Co., Boston 35 , Mass . 
2Pressure Transducer, Mode 1 26 7B, Sanborn Company , Wal th am 54 , Mass . 
3Sanborn Recorder , lode! 350 . 
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upper portion of t he cord were removed and immediately p l aced in a 
25 percent formalin solution. After fixation the brain was sectioned, 
stained with hematoxy l in and eosin , and examined for histopathologic 
changes . 1 'Ihe following areas were examined : medulla , pons , inferior 
and superior colliculi , thalamus , caudate nucleus , lenticular nucleus , 
visual cortex , hippocarnpus , frontal l obe , and cerebe l lum. 
1Appreciation is expressed to Ors . Randall C. Cutlip and Wi lliam S. 
Monlux, Pathological Investigations , National Animal Disease Laboratory , 
for making the histopathological examinations of the brains . 
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IV. RESULTS AND DISCUSSIQ\J 
A. Surgery 
1. Cerebrospinal fluid catheter 
Catheters were p l aced in the CSF space of 19 sheep by the method 
described. Twe lve were comp letely functional , 1 died apparently of 
meningitis , 3 became nonfunctional during the postsurgical recovery 
period , and 3 were only partially open during the recovery period but 
were p l aced on experiment. The sheep were considered to have recovered 
fr~n the sur gery when they appeared cl inically normal and their CSF 
levels of pr otein , glucose and GOT returned to near control va lues . 
This usually occurred about l week follO\ving surgery , although protein 
and GOT l eve ls often remained somewhat higher than control values . No 
attempt was made to determine hO\v long the catheters woul d remain open 
and functional. However , sow.e catheters remained open for at l east 30 
days . Others became closed a few days aft er seizure activity had been 
induced which apparent l y was a result of physical damage in the vicinity 
of the catheter tip due to the violent action associated with seizures . 
In the first 13 sheep . OS percent heparinized1 physi ol ogical sal ine 
was f l ushed into the catheter to prevent c l otting. The heparin contained 
phenolic preservatives . This practice was discontinued because it became 
apparent that the heparin or the phenolic compounds were acting as an 
irritant causing meningitis and e l evated CSF protein l eve l s whi ch may have 
contributed to the formation of a membrane over the tip of the catheter . 
l PanheprinC R) , Abbott Laboratories , North Chicago , I ll. 
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In some sheep in which t he CSF catheter had become closed, a mixture 
of st reptokinase , streptodornase , and hwnan p lasminogen l was injected into 
the catheter to depolymerize the fibrin clogging the cathet er tip. Although 
this often cleared the cat het er t emporarily, t he protein content of the 
CSF remained very high and the catheter became closed within a day or two. 
1here was also evidence of severe pain to the sheep when the enzyme was 
injected into the CSF space . 1his practice was also discontinued . 
There were no untoward clinical effects from the CSF catheters except 
in 2 sheep in which cathet ers were p laced t oo far down into t he cisterna 
ntagna, thus producing pr essure on t he spinal cord . In t hese sheep 
tmilat eral partial paralysis of the limbs occurred. 
2. Car oti d artery cathet er 
Cathet ers were p laced in the left carotid arteries of 10 sheep via t he 
thyrol aryngeal branch. Car otid arteries of t he ot her sheep in t hese 
experi ment s were cati1et erize<l by t ying off the carotid and inserting the 
cannul a caudally pasts its bifurcation . 1he l atter method was abandoned 
in favor of t he f irst because it seen~d inadvi sab le t o study br ain 
met abolism with one carotid ligat ed . 
1his method of cathcterization , whi ch allows t he carotid artery to 
remain patent, pr oved highly satisfactory in t his study . TI1ere was no 
pr ob l em of clo~ging with clotted b lood . 111e lumen of the cathet er (i .d . = 
0. 034 inch) was l ar ge enough to permit sampl ing and recording of b lood 
pressure , although the ST:'lall s i ze of the catheter may have produced 
1varizymeCR) , Alneri can Cyanamid Company, Princet on, N. J . 
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slightly inaccurate pressure r ecor dings and rounding of peak pressure 
tracings. However , the advantages of this t echnique far outweigh t hese 
disadvant ages . 
B. Control and Post surgical Dat a 
1. Cerebrospinal f luid and blood analyses 
a . Presur gi cal Cerebrospinal f luid was t aken f rom the cisterna 
magna of 9 sheep dur ing cyclopropane anesthesia before surgi cal placement 
of the catheter. 1he results of biochemical analyses are presented in 
det ai l in Table 1. 1he fo llo..,ring mean values were obtained : glucose 
46 mg/ 100 ml; GOT 15 units/ml; GPT 12 units/ml; LDI-1 15 BB uni ts/ml; tota l 
pr otein 29.5 mg/100 ml; Na+ 154 rneq/l; K+ 3. 41 rneq/l; Ca++ 7.57 rneq/l; and 
Mg++ 3.40 meq/l. 
1he results of analyses of venous blood senun taken f r om 4 sheep just 
prior to surgical placement of catheters and f rom 17 sheep he ld in the 
Nationa l Ani mal Disease Laboratory stock colony are given in Table 2. TI1e 
following mean va lues wer e obt ained: SGOT 79 units/ml'; SGPT 17 units/ml; 
+ ++ 
LDH 979 BB unit s/ml; Na+ 144 rneq/l ; K 4. 65 rneq/l; Ca 10.21 meq/l ; and 
Mg++ 2.02 meq/l. 
b . Postsurgical Results of biod1emical analyses of CSF t aken 
from sheep after r ecovering f rom surgery and prior to inducement of 
convulsive seizures ar e given in Table 3. 1he fo llowing mean values were 
obtained : glucose 44 mg/ 100 ml; GOT 28 units/ml ; GPT 17 units/ml; LDll 29 
BB units/ml; t otal protein 78 . 5 mg/100 ml; Na+ 156 rneq/ l; K+ 3. 34 rneq/l; 
Ca++ 8. 12 meq/l and Mg++ 4.18 meq/l. Corresponding values for arterial 
f ' 
I 
I~ 
Table 1. Results of analyses of control CSF t aken from 9 sheep 
Sheep No . 15 16 17 18 19 20 21 22 23 Mean & S. D. 
Glucose mg/100 ml 43 33 69 59 39 33 45 45 46 ± 12 . 5 
GOT tmits/ml 35 15 15 16 27 8 6 7 10 15 ± 9. 7 
GPT tmits/ml 5 18 24 11 14 8 7 12 ± 6. 9 
LOii BB tmits/ml 8 15 18 18 15 ± 4. 8 
Protein mg/ 100 ml 32 . 8 29 .1 21.6 31.0 27 . 7 34.5 31. 4 28. 3 28 . 9 29 . 5 ± 3. 8 
Na+ meq/ l 160 159 155 153 163 147 153 143 150 154 ± 6.4 tM 
\.0 
K+ meq/ l 3. 95 3. 45 2. 98 3. 45 3.48 3.16 3.50 3. 46 3. 30 3. 41 ± 0 . 25 
ca++ meq/ l 7. 00 8. 36 8.16 8.18 8. 98 7.26 7.14 7. 37 5. 72 7 .57 ± o. 97 
~lg++ meq/ l 2.68 3. 60 3. 36 4. 62 4. 36 3.'48 3. 10 2. 48 1. 92 3. 40 : 0. 95 
Table 2. Results of analyses of venous blood sen.nn t aken from 4 sheep pr ior to surgery and f r om 
17 no1111a l sheep in the NADL stock co lony 
SGar SGPT LOH Na+ K+ Ca++ Mg ++ 
Sheep No. units/ml units/ml BB uni ts/ril meq/ l meq/ l meq/l meq/ l 
19 730 152 4. 80 8. 34 2 . 58 
21 109 18 640 163 4. 90 10 . 28 
22 46 11 810 148 5. 20 13.16 4.62 
23 84 12 134 3. 75 1.54 
Stock colony 
sheep ~ 0 
4 93 15 885 140 4. 60 10 . 00 2. 20 
6 73 19 1155 147 5.14 14. 26 1. 88 
7 70 20 1195 135 4. 60 9. 40 1. 82 
8 69 15 900 130 4. 25 6. 60 2. 06 
9 65 16 1160 136 4. 45 12. 36 1. 76 
10 64 14 750 143 4. 70 11.16 2. 02 
15 107 22 1515 143 4. 90 11. 58 1. 94 
19 87 16 1920 132 4. 15 8. 42 1. 68 
27 79 20 835 146 4. 78 7. 66 1. 96 
Table 2. (Continued) 
SGOT SGPT LOii Na+ K+ Ca++ Mg++ 
Sheep No. units/ml units/ml BB units/ml meq/l meq/ l meq/l meq/ l 
40 80 16 1025 142 5. 40 9. 88 1.58 
41 70 18 1140 140 4. 18 11.60 1. 68 
42 85 18 880 135 4. 20 7. 26 1. 76 
45 108 17 645 1S6 4.70 10 . 88 1. 70 
46 63 17 1030 144 4. 60 9.16 1. 78 
47 102 15 940 1S5 4. 70 9.18 2. 18 .i::. ........ 
SS 42 18 SSS 156 s.oo 10.60 1. 86 
74 8S 13 875 142 4. 60 12 . S6 1. 86 
to.lean & S. D. 79 ! 19 17 ± 3 979 ± 318 144 ± 8. 9 4. 6S t 0. 40 10. 21 t 2. 02 2. 02 t 0.66 
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Table 3. Results of biochemical ana lyses of postsurgical CSF 
Gl ucose OOT GPT LOH Prote in Na+ K+ 
++ ~~++ Ca 
Sleep No. mg/100 ml units /ml lmits /ml BB units/ml mg/100 ml meq/ l meq/l meq/l meq/l 
4 40 (3) a 3S (3) 16 (3) 100 . 2 (3) 146 (2) 2. 74 (3) 
s 28 (2) 24 (2) 13 (2) 131.0 (1) 168 (2) 3. 08 (2) 
6 22 (3) 22 (3) 17 (3) 163 (2) 2.S3 (2) 
7 34 (2) 28 (4) 22 (4) 6S . 8 ( 1) 1S3 (2) 2. 89 (2) 
8 40 ( 1) 30 (2) 8 (2) 86 . S (2) 137 (2) 2 . 73 (2) 
9 49 (6) 27 (2) 17 (2) 109 . 0 (1) 1S6 (3) 4 . 09 (3) 
10 S3 (3) 38 (4) 17 (4) 1S3 (2) 4 . 38 (2) 
11 4S (2) lSO (3) 3. 03 (S) 7. 40 (1) 3. 36 (2) 
12 4S ( 1) 46 . 6 (1) 2 . 8S (2) 7. 12 (1) 4.00 (2) 
13 32 (1) 3 . 23 (1) 
lS S2 (1) 16 ( 1) 46 . 6 ( 1) 1S4 ( 1) 3 . 8S ( 1) 8. 12 (2) S. 78 (1) 
16 47 (2) l S (4) 10 (3) 41.0 (4) lSS (3) 3. 41 (3) 9 . 26 (2) 4.84 (3) 
17 42 (7) 46 ( 4) 22 (2) 39 (3) S4. 3 (4) 163 (8) 3. 70 (8) 8. 38 (6) 3. 74 (7) 
18 46 (1) 44 (2) 28 (2) 106 . 3 (2) 3 . 38 (2) 9 . 04 ( 1) 3. 86 (1) 
19 SS (4) 36 (3) l S (3) 13 (2) S7 . l (3) 1S6 (3) 3. 36 (3) 8.42 (3) 3. 68 (3) 
21 S9 (2) 9 (2) 18 (2) 22 (2) 9S . 3 (2) 161 (2) 3. 9S (2) 7. 80 (2) 
22 S4 (4) 24 (4) 14 (3) 41 (3) 80 . 8 (4) 166 ( 4) 3. S7 (4) 7 . 40 (4) 
Mean & S. D. 44 ! 10. 2 28 t 10. 9 17 t S. 3 29 t 12. 3 78 . S t 29 1S6 t 8. 4 3. 34 t O. S3 8. 12 ! 0 . 7S 4. 18 t 0. 84 
\lumber of samples analyzed. 
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blood taken aft er recovery from surgery and prior t o inducement of 
convulsive seizures are given in Table 4. TI1e following mean values 
were obtained: glucose 55 mg/100 ml; SGOT 76 units/ml; SGPT 13 tmits/ml; 
+ + ++ LOH 721 BB units/ml; Na 146 meq/l; K 4. 37 meq/l; Ca 8. 60 meq/l; and 
++ I ~lg 2. 83 meq 1. 1hese presurgical and postsurgical CSF and blood data 
are presented gr aphically in Figures 8, 9 and 10. 
2. Recordings of physiol ogical data 
Physi ological data recorded following recovery from surgery and 
prior to inducement of convulsive seizures are given in Tab le 5. The 
fo llowing mean va lues were obtained: average bl ood pressure 105 mm Hg ; 
syst olic b lood pressure 124 mm Hg ; diastolic blood pressure 92 mm Hg ; 
arterial pul se pressure 33 mm Hg ; average CSF pressure 7. 9 mm Hg ; systolic 
CSF pressure 8. 8 mm Hg ; diastolic CSF pressure 6.9 mm Hg ; CSF pulse 
pressure 2 .1 mm Hg ; heart rate 85 per minute ; CSF r ate 85 per minute ; 
and respiratory r at e 58 per minute . A represent ative tracing of recorded 
blood pressure , CSF pressure and respiratory r ate is given in Figure 1. 
This control recording was t aken f rom a sheep while standi ng. It was 
observed that arterial pulse, rather than respiration, influenced CSF 
pulse in a quietly standing sheep. However, when the sheep was lying down 
or was breathing from a spirometer , a secondary CSF pressure change was 
corre lated with respiration (cf. Figures S and 2, respectively). 1he 
mean CSF pressure was markedly l ower in the recumbent animal than in t he 
standing animal. 
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Table 4. Results of biochemical analyses of postsurgical arterial blood 
Na+ K+ Ca++ ++ Gl ucose SGOT SGPT LOH ~~g 
Sheep No. mg/100 ml units/ml units/ml BB units/ml meq/l meq/ l meq/l meq/ l 
3 42 (2)a 49 (2) 10 (2) 
4 so (2) S3 (2) 10 (2) 
s 73 (2) S4 (2) 14 (2) 
6 47 (3) 4S (1) 11 (1) 
7 47 (2) 64 (3) 7 (3) 
8 101 (1) 10 (1) 
9 6S (3) 63 {3) 8 (3) 
10 70 (2) 69 (3) 13 {3) 
11 72 (1) 81 (1) 10 (1) 120 (1) 2. 60 (1) 
12 S8 (1) 91 (1) 7 (1) lSS (2) 4. 40 (2) 
13 140 (1) 4.88 (1) 
lS S7 (1) 120 ( 1) 18 (1) 149 (2) 4. 08 (2) 
16 49 (2) 72 (2) 14 (2) 132 {2) 3. 78 (2) 
17 S7 (8) 72 (8) 17 {8) 602 (3) 144 (4) 4. 32 (4) 8. 48 (1) 2. 38 (1) 
18 S2 (2) 80 (2) 13 (2) 1S2 (1) 4. S8 (1) 
19 S9 (3) 117 (2) 19 {2) 698 (2) l SS {3) S. 34 {3) 8. S2 {3) 2. 64 (3) 
21 42 {2) so (2) 12 (2) 68S (2) 1S6 (2) 4.88 (2) 9. 40 (2) 3. 82 (2) 
22 41 (4) 118 (4) 22 (4) 898 (4) 160 (4) 4. 83 (4) 8. 20 (4) Z. 48 (4) 
~~an & S. D. SS :!: 10.7 76 !: 2S .l 13 t 4.4 721 :!: 126 146 :!: 12.S 4. 37 1: 0. 77 8. 60 :!: O. S2 2. 83 1: 0. 67 
~er of samp les analyzed . 
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Tab le 5 . Blood, CSF, and respir atory dat a r ecor ded fran sheep following r ecovery fran sur gery and prior t o inducement of 
convulsive seizures 
Sheep No. 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
15 
16 
19 
21 
22 
Arterial b l ood pressure (ll111 Hg) 
Avg. Syst. Diast. 
93 (3)b 118 (3) 83 (3) 
108 (4) 135 (4) 95 (4) 
101 (2) 11 7 (2) 86 (2) 
92 (2) 105 (2) 81 (2) 
107 (3) 125 (3) 85 (3) 
93 (3) 110 (3) 78 (3) 
98 (7) 115 (7) 85 (7) 
122 (3) 135 (3) 108 (3) 
104 ( 1) 
111 (3) 
140 ( 1) 
96 (1) 
107 (2) 
93 (2) 
153 (4) 116 (4) 
120 (2) 
126 (2) 
162 (1) 
116 ( 1) 
121 (2) 
108 (2) 
95 (2) 
96 (2) 
116 (1) 
84 (1) 
92 (2) 
79 (2) 
Avg . 
35 (3) 6 . 3 (3) 
40 (4) 5 . 5 (4) 
32 (2) 6 . 3 (2) 
24 (2) 7. 0 (2) 
40 (3) 4 . 2 (3) 
32 (3) 8. 9 (3) 
30 (7) 12 . 9 (7) 
27 (3) 7. 6 (3) 
34 (4) 
25 (2) 
30 (2) 
46 (1) 
32 ( 1) 
32 (2) 
29 (2) 
10 . 4 (1) 
5 .1 (2) 
9. 0 (1) 
14. 0 (1) 
4. 0 (2) 
8. 7 (2) 
CSF pressure (ll111 Hg) 
Syst . Di ast. Pul se 
6 . 8 (3) 
6 . 7 (4) 
6 . 8 (2) 
7.4 (2) 
5 .o (3) 
9. 9 (3) 
14 . 4 (7) 
9 . 0 (3) 
9 . 0 ( 1) 
6 . 6 (4) 
12.0 (1) 
6 . 6 (2) 
10 . 0 ( 1) 
16 . 0 ( 1) 
4 . 6 (2) 
10 . 2 (2) 
5 . 8 (3) 0 . 95 (3) 
4. 9 (4) 3. 30 (4) 
4 . 6 (2) 2. 20 (2) 
6 . 6 (2) o. 75 (2) 
3 . 9 (3) 1 . 13 (3) 
8 . 0 (3) 1. 87 (3) 
12 . 1 (7) 2 . 00 (7) 
5 . 5 (3) 3 . 53 (3) 
8 . 0 (1) 1. 00 (1) 
5 . 4 (4) 1 . 20 (4) 
9 . 0 (1) 3 . 00 (1) 
4. 0 (2) 2 . 60 (2) 
8. 0 (1) 2. 00 (1) 
13. 0 (1) 3. 00 (1) 
3 . 4 (2) 1.20 (2) 
7 . 6 (2) 3 .10 (2) 
1-Eart 
rate 
per 
min . 
CSF 
r at e 
per 
min . 
73 (3) 73 (3) 
81 (4) 81 (4) 
102 (2) 102 (2) 
96 (2) 96 (2) 
64 (3) 64 (3) 
92 (3) 92 (3) 
67 (7) 67 (7) 
88 (3) 88 (3) 
Resp. 
r at e 
per 
min . 
26 (3) 
37 (4) 
72 (2) 
51 (2) 
20 (3) 
87 (3) 
86 (7) 
88 (3) 
101 (3) 101 (3) 66 (1) 
79 (4) 79 (4) 150 (4) 
81 (2) 
82 ( 2) 
102 (1) 
78 (1) 
68 (2) 
98 (2) 
81 (2) 
82 (2) 
102 (1) 
78 (1) 
68 (2) 
98 (2) 
72 (2) 
56 (2) 
18 (1) 
27 (1) 
40 (2) 
39 (2) 
Mean & S. D. 105 ! 12 124 t 16 92 t 13 33 ! 6 7. 9 t 3 . 0 8. 8 ! 3 . 2 6. 9 t 2. 8 2 .1 ! 1.0 85 ! 13 85 t 13 58 ! 34 
aP!Jlse pressures were obt ained by direct measurements from tracings , which may account for the val ues not equalling systolic 
minus diast olic pressures . 
bNU!lber of r ecor dings . 
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3. Postmortem examination 
Examination of the brains of 13 sheep that had CSF and carotid 
catheters revealed a chronic diffuse lymphocytic meningioencephalitis. 
An occasional animal had a slight suppurative cellular reaction in the 
meninges. Tile brains from sheep catheterized early in the study sh~~ed 
the most severe reaction. Reactions were much less severe in those aniraals 
catheterized after the use of heparin in the CSF catheter was discontinued. 
Plate 2 contains photomicrographs of brain sections from 2 sheep in which 
heparin was injected into the CSF catheters and a comparative section from 
the brain of a sheep in which no heparin was used. Elevations of protein 
content in the CSF correlated with the severity of meningitis. Table 6 
contains the postmortem findings in the brains of 13 sheep that died during 
experiments or that were euthanatized following an experiment . 
Although the severity of meningitis was mild in those animals examined 
in the latter part of this study, all animals examined exhibited some 
meningitis . It is prob ab le that some reaction was induced by the catheter 
itself. Tilere appeared to be a mild foreign body reaction in the CNS to 
the vinyl catheter. Catheters made of a silicone-rubber combination! have 
been used to a lirni ted extent and show promise. 
C. COz Convulsions 
Inhalation of the COz-Oz mixture usually induced tonic seizures in the 
sheep within 30 seconds and collapse occurred within 1 minute . Tonic-clonic 
1SilasticCR) , Dow-Coming Center for Aid to ~ledical Research , Mi dland , 
Mich . 
Table 6. Postmortem changes in t he brains of sheep with CSF and carotid arter y catheters 
Sheep No. Treatment Postmortem Changes 
3 Control - Insulin convulsion Severe acute diffuse lymphocytic meningitis of entire brain , 
4 
experiment. Fasted 2 1/2 
days , sacrificed by injec-
ting Mgso4 in carotid . 
14 units regular insulin 
in divided doses . Died 
a~er 12 hours of 
convulsive seizures . 
slight to moderate lymphocytic peri vascular cuffing 
throughout, especially the cerebellum and medulla oblongata. 
No neuronal damage was found . 
Slight lymphocyti c perivascular cuffing along a line 
paral lel to the external capsule at the level of the caudate 
and lenticular nuclei and corpora quadrigemina. Slight 
increase in lymphocytes , neutrophil s and eosinophi ls was 
present in the meninges at level of the medulla oblongata. 
No neuronal damage was found . 
5 Contr ol - Insu lin convulsion Pcrivascular cuff ing, primarily lymphocytic with an occa-
experiment. Fasted 4 days . 
Sacrificed by injecting 
MgS04 in carotid . 
sional neutrophil , and a generalized hyperplasia of gli al 
cells was observed in all sections of the brain. Severe 
lymphocytic meningitis was also present. 
Tab le 6. (Continued) 
Sheep No. Treatment Post mortem d1anges 
6 10 . S units insulin in divided Generalized , subacute , diffuse , suppurative meningitis and 
doses. Died after being in encephal itis , with lymphocytes and neutrophils the primary 
convulsions 18 hours . infiltrating ce l ls . No neuronal damage was evident . 
7 10.S units insulin in divided Generalized inf l arranation of the brain, primarily lymphocytic 
doses. Convulsions, chewing in anterior portion and suppurative in the post erior porti on . 
movements, stupor followed 
by partial recovery after 
1 1/2 days . Sacrif iced. 
Glia l cell hyperplasia was evident. Meningitis and perivas-
a.ilar cuffing , primarily lymphocytic , was evident throughout . 
TI1ere was a foa.is of mye lin degeneration in the white matter 
of the cerebrum. 
Table 6. (Continued) 
Sheep No. Treatirent Postmortem changes 
8 10 units/kg insulin, convul - Glronic diffuse suppurative meningoencephalitis. The 
sions ceased after injecting meninges were fib r otic and infiltrated with neutrophils, 
3 doses of 90 mg DL glutamic lymphocytes and macrophages . Lyrnphocytic perivascular 
acid in CSF 6 hours apart. cuf fing was present in many areas of the brain and focal 
Died after trypsin, strepto- hemorrhages were present throughout; one small area of 
mycin, penicillin soln. was 
injected into CSF to open 
catheter. 2 days after 
recovery from insulin shock . 
demyelinization was found. No changes were observed in 
the neurons. 
9 10 units/kg insulin followed Chronic diffuse suppurative meningoencephalitis . The 
by convulsions which were meninges were thickened due to excess fibrous tissue and 
stopped by injections of 5 were infiltrated with many neutrophils, lymphocytes and 
percent dextrose. 2 units/ macrophages . Small hemorrhages were present throughout 
kg insulin given , followed 
by convulsions and death 
after 24 hours . 
the brain. No neuronal damage was evident . 
Table 6. (Continued) 
Sheep No. Treatment Pos t mortem drnnges 
12 Convulsions in<luced by inhala- A diffuse lymphocytic meningoencephalitis, with minimal 
tion of 68% COz-32% Oz mixture infiltration of lymphocytes was present. A diffuse 
for 6 minutes. 2 weeks l ater gliosis, indicating a chronic irritation, was also present. 
300 mg/kg heptachlor was gi ven 
in divided doses which result-
ed in a semi-convulsive condi-
tion for 8 days . Sacrificed. 
13 Convulsions induced by inhala- Slight lymphocytic meningoencephalitis . Multiple focal 
tion of 68% C02 - 32% Oz · Die<l hemorrhages were found throughout the brain . A slight 
after 8 1/2 minut es of generalized increase in rnicroglial cells was present. 
breathing this mixture . 
Vl 
C> 
Table 6. (Continued) 
Sheep No. Treat ment Postmortem changes 
(No heparin was injected into the CSF space of the remaining 4 sheep) 
15 
17 
Convulsions induced by 
inhalation of 68% co2-32% 
o2 mixture for 6 minutes . 
Recovered in 2 t o 3 hours . 
2 days later sheep was 
given 200 mg/kg heptachlor. 
Died within 18 hours in 
convulsions . 
300 mg/kg heptachl or given 
orally in divided doses on 
22nd and 23rd day post-
surgery. Sheep died in 
seizures on 24th day post-
surgery . 
As compared to brains from previous ly catheterized sheep , 
this one showed very slight alterations . A diffuse l ympho-
cytic meningoencephalitis , with minimal infiltration of 
lymphocytes was observed . Neuroglial cells were in excess 
throughout t he brain . 
Chronic diffuse lymphocytic meningoencephalitis, as evi-
denced by gener a lized fibrous thickening and lymphocytic 
infiltration of the meninges , perivascular lymphocytic 
infiltration , and generalized gliosis . A chronic 
suppurative meningitis was present in the ant erior cord 
region. 
Table 6 . (Continued) 
Sheep No. Treatment Postmortem changes 
21 150 mg/kg heptachlor orally , Acut e diffuse l ymphocytic ~ningitis with a slight gliosis 
22 
10 days follm"ing surgery. was present in medulla and cerebn.nn . Corpus quadrigemina 
Intermittent seizures for 4 had a subacute diffuse lymphocytic encephalitis . There was 
days . Sacrificed on 14th day an area of liquefactive necrosis in dorsal half of the 
postsurgery (CSF catheter was posterior part of the medulla oblongata (undoubtedly due to 
placed t oo far down into the pressure on cord by catheter . 
cisterna ma~1a producing pre-
ssure on the left side of the 
medulla) . (Catheter was made 
of silicone- rubbera) . 
Cathet er remained open 13 Slight lymphocytic infiltration of meninges of anterior 
days . Sheep was sacrificed cord . General glios is of medulla oblongata , thalamus 
because catheter became and corpus striatum. Many blood vesse ls were surrounded 
occluded . (Catheter was made by lymphocytic perivascular cuffs . 
of si l icone - rubbera) . 
aSilastic , Dow Corning Center for Ai<l to ~edical Research , Mi dland, Mich . 
U1 
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seizures persisted for an additional 1 to 2 minutes after which 3 sheep 
became comatose and 3 remained in a tonic convulsive state for the remainder 
of the co2 inhalation period. 
All the sheep except one, which died, were able to rise within 10 
minutes after inhalation of the gas mixture was discontinued. They were 
frequently unable to see or hear for l to 2 hours and were usually slightly 
incoordinated. However, they all appeared clinically normal within 3 to 4 
hours. 
1. Cerebrospinal fluid and blood analyses 
The analyses of CSF taken from 6 sheep before, duri_ng and following 
convulsions produced by inhalation of the COz-Oz mixture are reported in 
Table 7. The results of analyses of corresponding arterial blood samples 
are given in Table 8. These data are graphically presented in Figures ll 
through 18. 
Both blood and CSF glucose levels increased to at least twice the 
control values during the co2 seizures (Figure 11). The blood d1anges 
occurred sooner than those in the CSF. Glutamic oxalacetic transaminase 
activities were also elevated in the few sheep from whid1 analyses were 
made (Figure 12). In this case the CSF changes occurred before those in 
the blood. A two-fold increase in serum potassium levels occurred within 
1 minute after beginning COz inhalation, and returned to nonnal within 1 
hour (Figure 13). Cerebrospinal fluid potassium levels were also elevated 
within 1 minute but to a lesser extent than in blood. There were some 
elevations in serum sodium values, but CSF changes were difficult to 
~ 
l 
l 
l I 
r 
1. 
Table 7. Results of biod1emical analyses of CSF taken before, during and following COz-induced 
convulsions in 6 sheep . 
Time in minutes after beginning C02 inhalation 
O (Before 6 (End of 
inhalation) 1 inhalation) 15 30 60 240 
Glucose mg/100 ml 51 (5) a 52 (5) 60 (5) 68 (3) 97 (3) 103 ( 4) 106 (2) 
GOT lll1its/ml 16 (3) 47 (2) 32 (2) 27 (2) 42 (2) 46 (2) 46 (2) 
GPT lll1its/ml 18 (1) 19 (1) 21 (1) 23 (1) 30 (1) 26 (1) 24 (1) 
LOH BB lll1its/ml 24 (1) 20 (1) 26 (1) 7 (1) 28 (1) 65 (1) 42 (1) 
+ Na rneq/l 140 (9) 148 (7) 147 (6) 145 ( 4) 146 (5) 158 l5) 
V1 
151 ( 4) .i:::. 
K+ meq/l 3.11 (6) 3.54 (6) 4.05 (5) 3.98 (3) 3.59 (4) 3.89 (5) 3.27 (3) 
++ I Ca meq 1 8. 36 (5) 11. 32 (2) 11.08 (2) 11.36 (2) 11.42 (2) 10.62 (3) 8.74 (1) 
~! ++ .g 3.18 (3) 7. 30 (2) 7. 72 (2) 7.26 (2) 7.52 (2) 6. 30 (3) 3.58 (1) 
CSF pl-I 7 .45 (2) 6.95 (2) 6.94 (2) 7 .15 (2) 7.27 (2) 7.36 (2) 7.41 (1) 
aI~dicates the munber of experiments from which detenninations were made. 
Na+ and K+ values it also indicates the nunber of animals. 
Except for the 
Table 8. Results of biod1emical analyses of arterial blood taken before, during and foll~~ing 
COz-induced convulsions in 6 sheep 
Time in minutes after beginning COz inhalation 
0 (Before 6 (End of 
inhalation) 1 inhalation) lS 30 60 240 
-
Glucose mg/100 ml SS (3)a 62 (3) 99 (3) 121 (3) 118 (3) 121 (3) 106 (3) 
SGOT units/ml 68 (1) 68 (1) 96 (1) 112 (1) 107 (1) 106 (1) 98 (1) 
SGPT units/ml 17 (1) -- 17 (1) 24 (1) 26 (1) 28 (1) 18 (1) 
LOH BB tmits/ml 69S (1) 733 (1) 703 (1) 73S (1) 660 (1) 663 (1) 70S (1) 
Serum Na+ meq/l 144 (6) 148 (6) 161 (6) lS 7 cs) 146 ,(S) 14S (S) 147 (4) Vl Vl 
Sennn K+ meq/l 4.13 (6) 7.SO (6) 7.10 (6) 8. 87 (S) 3.S8 (S) 3.43 (S) 3.72 (4) 
++ I Serum Ca meq 1 7. 72 (2) 8. 28 (2) 8.S2 (2) 8.08 (2) 7.80 (2) 9.30 (2) 9.64 (2) 
++ Sertnn Me meq/l 1. 88 (2) 2 .so (2) 2.76 (2) ' 2. 76 (2) 2.74 (2) 2.84 (2) 2.46 (2) 
PCV % 31.7 (S) 40. 3 (S) 44.2 (S) 41.S ( 4) 38.S (4) 33.2 (4) 30.9 ( 4) 
pH 7 .S7 (4) 6.89 (4) 6.72 (4) 7.11 (4) 7.24 (4) 7.32 (4) 7.44 (4) 
arndicates the number of experiments from which determinations were made. 
;;:" ~- -~~ ,.. =-==' • ·~ "f$ · . n I r F7%i'i 4g mr1=~ 7 Pe· *'= 
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interpret (Figure 14). Within 1 minute after beginning co2 inhalation 
pll decreased by 0.5 to 0. 7 pH unit (Figure 15). Blood PCV increased by 
25 to 30 percent within 1 minute but returned to near control value within 
1 hour (Figure 16) • Al though the CSF Ca++ and Mg++ values reported in 
Table 7 and in Figures 17 and 18 indicate elevations in 2 sheep studied, 
one showed no increase while the other showed a definite elevation. Blood 
Mg++ values were slightly elevated in the 2 experimental sheep. No definite 
differences from control values of GPT and LDH in either blood or CSF were 
noted. 
The results of biochemical analyses of the CSF and arterial blood taken 
from the sheep during control experiments are presented in Tables 9 and 10, 
respectively. Note that the CSF glucose was elevated as compared to normal 
postsurgically recovered sheep (Table 3). These changes probably reflect 
the excitement associated with placing the sheep in the crate and reactions 
to the face mask. 
2. Recording of physiological data 
Physiological data recorded prior to, during and following convulsive 
seizures induced by inhalation of the co2-o2 gas mixture are given in Table 
11. The data recorded in the control experiments are given in Table 12. 
These data are also graphically presented in Figure 19. 
Average pressures of the arterial blood and of CSF increased two-fold 
and three-fold, respectively, within the first minute of co2 inhalation. 
'lhere was an accompanying increase in pulse pressures in both the blood and 
CSF. Heart rates were increased at l minute and were increased nearly 
Table 9. Results of biochemical analyses of CSF taken from sheep on control C02 inhalation 
experiments a 
Time in minutes after putting on face mask 
0 (Before 
putting 6 (Mask 
on mask) 1 removed) 15 30 60 240 
Glucose mg/ 100 ml 54 (4)b 54 ( 4) 58 (4) 61 ( 4) 65 (4) 65 (4) 67 (3) 
GOT tmits/ml 16 (3) 31 (1) 17 (2) 17 (3) 23 (3) 23 (2) 27 (2) 
LOH BB units/ml 47 (1) 10 (1) 13 (1) 67 (1) 43 (1) 125 (1) 65 (1) 
Na+ meq/l 165 (4) 159 ( 4) 166 ( 4) 160 ( 4) 153 ( 4) 156 ( 4) 156 (3) (J1 
-...J 
K+ meq/l 3.40 (4) 3.27 (4) 3.49 (4) 3.26 (4) 3.16 (4) 3.22 (4) 3.15 (3) 
ca++ meq/l 8.04 (3) 7.54 (2) 6.34 (1) 8.12 (3) 8. 44 (3) 7.82 (2) 7 .82 (2) 
Mg++ meq/l 5 ~ 22 (3) 4.o6 (2) 3.22 (2) 3. 76 (2) 4.14 (3) 3.60 (3) 3.64 (2) 
pH 7.44 (2) 7.47 (2) 7 .44 (1) 7.55 (1) 7.51 (2) 7 .59 (2) .7.49 (1) 
aSheep inhaled room air from the spirometer instead of co2-o2 mixture. 
brndicates the number of experiments from which determinations were made. 
Table 10. Results of biochemical analyses of arterial blood taken from sheep on control co2 
inhalation experimentsa 
Ti1ne in minutes after putting on face mask 
0 (Before 
putting 6 (Mask 
on mask) 1 removed) lS 30 60 240 
Glucose mg/100 ml 6S (3)b 68 (2) 63 (3) 66 (3) 68 (3) 71 (3) 64 (3) 
GOT tmits/ml 66 (1) 71 (1) 60 (1) 64 (1) 60 (1) SS (1) 61 (1) 
GPT tmits/ml 12 (1) 10 (1) 14 (1) 15 (1) 12 (1) 13 (1) 14 (1) 
LDH BB tmits/rnl S40 (1) 70S (1) 66S (1) 72S (1) S84 (1) 660 (1) 70S (1) V1 
00 
Serum Na+ rneq/l 141 (S) 152 (S) 149 (S) 144 (S) 148 (S) 1S2 (5) 139 (3) 
Serum K+ meq/ 1 4.01 (4) 4.12 (4) 3.92 (4) 4.28 (4) 4.23 (4) 4.21 (4) 4.68 (2) 
++ I Sertnn Ca rneq 1 8.60 (1) -- 7 .20 (1) 6.64 (1) 8.S4 (1) 9.02 (1) 8. 76 (1) 
++ Mg meq/1 1. 24 (1) 1.18 (1) 1. 32 (1) 1. 32 (1) 1. 24 (1) 1. 26 (1) 
PCV % 30.6 (5) 31. 8 (5) 30.8 (S) 31. 3 (5) 30.2 (5) 31. 0 (5) 30 .6 (3) 
pH 7.61 (2) 7.S8 (1) 7.58 (1) 7 .65 (2) 7.63 (2) 7 .66 (2) 7.52 (1) 
asheep inhaled room air from the spirometer instead of COz-Oz mixture. 
brndicates the m.unber of experiments from which determinations were made. 
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Table 11. Blood , CSF , and respiratory data recorded fran sheep before , during, and following seizures induced by inhalation of 
COz-Oz mixture 
Arterial blood Eressure {mm Hs) CSF Eressure {ll1ll Hg) Heart CS Fa Resp. 
Time in minutes rate rate rate 
after beginning per per per 
co2 inhalation Avg. Syst. Diast . Pulse Avg. Syst . Diast . Pulse min. min . min. 
0 (Face mask on 
before C02 
inhalation) 109 (5)b 126 (5) 95 (5) 31 (5) 9. 7 (7) 11.6 (6) 9. 0 (6) 2. 7 (6) 89 (7) 
71} 
89 (6) 71 (6) 
1 195 (4) 228 (4) 166 (4) 62 (4) 27 . 3 (6) 35.8 (5) 19.2 (5) 16 .6 (5) 107 (6) 107} (6) 35 (6) 35 
6 (Stopped COz 
inhalation ; 21} (6) 
mask off) 201 (4) 225 (4) 187 (4) 38 (4) 30 . 8 (6) 34.0 (6) 28.3 (6) 5.7 (6) 251 (6) 251 21 (6) 
15 121 (3) 155 (3) 101 (3) 53 (3) 6. 3 (5) 6. 8 (4) 5.2 (5) 2.0 (5) 212 (5) 49 
212} (5) 
49 (5) 
30 110 (3) 123 (2) 100 (2) 23 (2) 5. 6 (5) 4. 4 ( 4) 3.8 (4) l.4 (4) 203 (4) 203 (4) 111 (4) 
60 123 (3) 134 (3) 111 (3) 28 (3) 5.5 (4) 6.1 (4) 4. 6 (4) l.5 (4) 180 (4) 180 (4) 82 (3) 
120 115 (2) 126 (2) 108 (3) 18 (2) 4. 7 (2) 4.5 (l) 4.0 (l) 0.5 (1) 120 (2) 120 (2) 33 (2) 
~e CSF pulsation was influenced by both respiration and blood pressure . 
CSF pulsations. 
1he bottan n\.Ullber represents the more prcxninent 
blndicates the nurroer of animals fran which measurerrents were made. 
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Tab l e 12. Blood , CSF , and respirat ory data r ecor ded fran sheep during cont rol co2 inhalation experiirent sa 
Arteria l blood Eressure ~mm Hgl CSF Eressure ~mm Hgl Heart CSFb Resp. 
Time i n minut es r ate r at e r at e 
after putting per per per 
on face mask Avg. Syst . Diast. Pulse Avg . Syst Oiast . Pulse min . min. min . 
0 (Before face 
mask) 116 (5)c 135 (5) 102 (5) 33 (5) 8. 5 (6) 9 . 7 (6) 7 . 6 (6) 2. 5 (6) 85 (6) 85 (6) 65 (6) 
1 116 (5) 134 (5) 101 (5) 33 (5) 10 . 8 (6) 12 . 2 (6) 9 . 7 (6) 2. 4 (6) 86 (6) 
63} 
86 
(3) 
63 (6) 
6 (Removed 34} (3) 
face mask) 115 (3) 133 (3) 101 (3) 31 (3) 10.2 (3) ll . 7 (3) 8. 7 (3) 3. 0 (3) 84 (3) 84 34 (3) 
15 115 (3) 127 (3) 95 (3) 32 (3) 5 . 5 (3) 7. 0 (3) 5 . 3 (3) 1. 7 (3) 78 (3) 78 (3) 34 (3) 
30 115 (3) 129 (3) 100 (3) 29 (3) 7. 5 (3) 8 . 3 (3) 6 . 7 (3) 1. 6 (3) 74 (3) 74 (3) 42 (3) 
60 110 (3) 127 (3) 95 (3) 32 (3) 6 . 3 (3) 7. 0 (3) 5 . 5 (3) 1. 5 (3) 73 (3) 72 (3) 45 (3) 
llstteep inhaled roan ai r fran the spir CJDeter. 
~fuen the face mask was put on , the CSF pulsation was influenced by respiration as well as b l ood pressure. 
nunber indicat es t he mor e pr aninent CSF pul sation . 
The bottan 
clndicates the nunber of animal s fran whi ch measurements were made. 
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three-fold at 6 minutes . Respiratory rates were erratic but decreased 
at least three- fold during the co2 inhalation, then increased to nearly 
twice control rates at 30 minutes whid1 was 24 minutes after cessation 
of co2 inhalation. There was a lesser decrease in respirat ory rate in 
t he control animal s inhaling f rom the spirorneter . The pulsation of the 
CSF was more correlated with respiration than with arterial pulse during 
COz inhal ation (Figure 3) . However , this effect was also noted to a lesser 
extent in the control experiments i n whidl room air was inhaled from the 
spiro~ter (Figure 2). 
Both blood and CSF pressures returned to control values within 10 
minut es after co2 inhalation was discontinued . In fact , CSF pressures 
r apidly decreased to about one-half control values . However , this same 
effect was noted in the control experiment s and was evident after a t otal 
of 4 to S ml of CSF was withdrawn for biodlemical analyses within a period 
of 15 minutes . 
A representative recording of bl ood pressure , CSF pressure and 
respiratory r ate of a sheep exhibiting seizures during co2 inhalation is 
shown in Figure 3. The increase in both blood and CSF pressures and r ate 
is very prominent when compared to the representative control recording in 
Figure 2. 
3. Postmortem ex~iri.nation 
Postmortem findings in the brain of the sheep that died during co2 
inhalation (Sheep 13) are given in Table 6. ~lultiple focal hemorrhages 
were found throughout the brain . The other dlanges were not considered 
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to be a result of t he co2, but r ather due to chronic irritation from 
the CSF catheter. 
D. Insulin Hypoglycemic Convulsions 
All S sheep given insulin exhibited convulsive seizures within 12 
to 24 hours. Preconvuls ive signs were manifested by weakness , salivation, 
tremb ling and twitching of the muscles about the head and neck. 1\\lo 
sheep exhibited br adycardia and frequent urination i rrunedi at ely before 
onset of seizures. 1he onset of convulsions usually occurred as a violent 
t onic seizure with the sheep remaining on its feet or jumping violently 
and landing in lateral rect.nnbency. 1he convulsive seizures were predom-
inantly of t he intennittent t onic-clonic type with the sheep appearing 
canat ose between seizures . In the early stages the sheep appeared nearly 
normal between seizures . 
Attempts were made to cot.mter act hypoglycemic shock by injecting S 
percent glucose into the carotid artery. Sheep that were treat ed after 
seizures were in progress for 30 minutes or more failed to respond despite 
the fact that CSF and bl ood glucose values were increased to an aver age of 
SO and 100 mg/100 ml , respectively. Apparently hypoglycemia initiat ed 
irreversible changes which were not alleviated by the administration of 
glucose . Simi l ar findings have been reported for sheep by McClymont and 
Setchell (1956) . 
1\\IO sheep treated irrunediately fo llowing the first seizure did not die . 
In one sheep 90 mg of DL- glutarnic acid were injecteu into the CSF in 3 
equally divided doses over a period of 12 hours . 1he time of administration 
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was dictated by onset of seizures , and the treatment was repeated unti l 
no further seizures occurred . 1he blood and CSF glucose leve l s wer e 
elevated to 2 1/2 times the control levels in this sheep although no 
glucose was given. This was probably due to an adrenal response . A 
simil ar phenomenon has been observed in hypoglycemic laboratory animals 
given gl utamic acid intravenously but not in adrenalectomized hypoglycemic 
animal s (Weil-Malherbe 1950) . The average dose given to the sheep (30 mg) 
was approximat e ly one- twentieth the reported minimum effective dose for 
l abor atory animals . 111e other sheep was given 50 ml of 5 percent glucose 
in the carotid artery , and the treatment was repeated in 6 hours at whid1 
time seizures occurred again. Both sheep made comp lete recoveries fo llowing 
the last t reatments . 
1. Cerebrospinal fluid and blood analyses 
Results of biochemical analyses of the CSF and blood samples taken 
during insulin shock convulsions are reported in Tab le 13. Results of 
analyses of samples from 3 control sheep are given in Table 14 . Cerebro-
spinal fluid and blood glucose and transruninase values are presented 
graphical ly in Figures 20 , 21 and 22 . Both blood anJ CSF glucose l evels 
decreased to 10 mg/ 100 ml or be l ow and seizures occurred at this time 
(Figure 20 ; Table 13) . Changes in CSF glucose values paralleled those of 
blood at a significantly lower leve l throu~1out the experimental per iod. 
After treatment with glucose or glutrunic acid , blood and CSF glucose levels 
were increased one- to t~o- fold above control levels . Other biochemical 
changes detected included slight increases in serum GOT (Figure 21; Tab le 13) 
Table 13. Resu lts of bi od1emical analyses of CSF and blood f rom 5 sheep during insulin shock 
Seizures Seizures At 
Before Fo.st - Insulin- before after dea th or 
Constituent fast before insulin before seizures treatment a treatment recovery 
Glucose CSF 33 (8)b 29 (3) 7 (3) 3 (4) 19 (18) 48 (6) 
(m3/ l OO ml) 
Blood 51 (9) 43 (5) 12 (5) 8 (4) 29 (9) 84 (6) 
CiOT CSF 31 (11) 45 (3) 36 ( 4) 45 (2) 47 (17) 64 (5) 
(units/ml) 
Blood 64 (9) 86 (4) 58 (5) 88 (4) 92 (9) 108 (6) 
GPT csr: 16 (13) 8 (3) 22 (3) 8 (1) 18 (20) 14 (4) 
(units/ml) °' """ Blood 9 (12) 6 (4) 8 (6) 10 (3) 10 (16) 13 (5) 
Protein CSF 114 (7) 69 (2) 57 (1) 38 (1) 158 (5) 245 (1) 
(mg/ 100 ml ) 
Na+ CSF 152 (10) 132 (3) 141 (3) 119 (1) 141 (17) 150 (4) 
(meq/l) 
K+ CSF 3. 09 (11) 3.18 (3) 2. 65 (3) 2. 70 (1) 3. 20 (16) 3. 66 (5) 
(rneq/l) 
aincludes l sheep that was given glutamic acid in cisterna magna. 
dextrose intraarterially and/or in the cisterna magna. 
The other 4 were given 5% 
bNumber of samples analyzed . 
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Table 14. Results of biochemical analyses of CSF and blood f rom 3 
control sheep in the insul in shock experirrents 
At ti'Tle 
Constituent Before fast After fast of sacrifice 
Glucose CS Fa 62 (7)b 48 (12) 42 (3) 
(mg/ 100 ml) 
Blood 45 (7) 34 (7) 34 (2) 
GOT CS Fa 59 (7) 69 (12) 64 (3) 
(units/ml ) 
Serum 31 (7) 46 (8) 56 (2) 
GPT CS Fa 13 (7) 11 (12) 11 (3) 
(units/ml ) 
SerLUll 17 (7) 12 (8) 10 (2) 
Na+ csr-a 160 (4) 137c (4) 117c (1) 
(meq/l ) 
K+ CS Fa 
(meq/ l ) 
3. 73 ( 4) 3. 48c (4) 2. 38c (1) 
Protein CS Fa 164 
(mg/100 ml) 
(2) 308 (1) 
a 
Represents only 2 sheep. 
bNLUllber of Sar.lples analyzed . 
cRepresents on ly 1 sheep. 
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and , in the few samples of CSF analyzed , a slight decrease in Na+ and 
K+ (Table 13) . The latter results are interesting in light of the report 
by Keys (1938) that high doses of insulin caused a marked decrease in sen.un 
potassilllll in humans and dogs . Glutamic pyruvic transaminase activities 
remained within the range of control values during insulin shock seizures . 
The apparent decrease in CSF protein is misleading partly because of the 
small number of samples taken before treatment of insulin shock seizures 
(Table 13) . The values , 114 mg/100 ml before fast and 158 mg/100 ml after 
seizures, may be valid. It should be noted that the insulin experiments 
were conducted on sheep catheterized early in the study and that the CSF 
of these sheep contained much higher control t otal protein levels than did 
sheep catheterized later in the study. Additional experiments should be 
conducted before any conclusions are made regarding biod1emical changes 
that are associated with insulin shock seizures . 
2. Recording of physiological data 
Physiological data were obtained from sheep before and during insulin 
shock , but not during seizures . 1hese data are presented in Table 15 . 
Representative recordings made from a sheep before and during insulin 
shock are given in Figures 4 and 5, respectively. 
3. Postmortem examination 
The postmortem d1anges folllld in the brains of sheep in the insulin 
experiments are described in Table 6 (Sheep 3 through 9) . No degeneration 
of the neurons was found in the brains of 4 sheep that died during insulin 
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Table 15. Blood , CSF , and respirat ory dat a recorded fran 4 sheep in the insulin shock experiments 
Arterial blood Eressure (mm Hg) CSF Eressure ~lllTI Hg) Heart CSF Resp . 
r ate r at e rate 
Sheep Experimenta l per per per 
No. stage Avg . Syst . Diast . Pulse Avg . Syst . Diast. Pul se min . min. min. Ccmnent 
7 Before insulin 108 131 87 44 7. 9 8. 8 7. 5 1. 30 60 60 21 Standing 
" " 108 126 89 37 3. 8 4. 5 3.6 .90 62 62 20 " 
" " 104 118 80 38 1.0 1. 7 0.5 1.20 69 69 15 Rea.nnbent on 
sternum 
18 hours after 
insulin ; no 
symptans 116 139 93 46 7.7 9. 3 6. 2 3. 20 60 60 27 St anding 
42 hrs . aft er 
insulin; stu-
por, chewing 
reflex 97 114 81 43 -1. 4 -1. l -1. 7 0. 60 77 77 19 Rea.nnbent 
72 hrs . aft er 
insulin ; stu-
por , weak 109 120 85 35 1.2 l. 8 0.6 1. 20 68 68 14 It 
8 Before insulin 93 106 81 25 10. 0 10. 4 9.6 0. 80 93 93 63 Standing 
" It 93 110 76 34 12 .8 14. 3 11.3 3.00 101 101 116 It 
" " 92 113 77 36 4.0 5.0 3. 2 1. 80 81 81 81 " 
18 hrs. after 
insulin; shock 
but t reated with 
glutamic acid 
in CSF 102 110 96 14 - 3. 3 -2. 4 - 4. 2 1.80 123 120 78 Rec:urrbent on 
sternum 
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Table 15. (Continued) 
Arterial blood Eressure (llDn Hgi CSF Eressure (nm Hg) lie art CSF Resp. 
r at e r ate rate 
Sheep Experimental per per per 
No. s t age Avg. Syst. Diast . Pulse Avg. Syst . Di ast . Pulse min. min . min. Comnent 
9 Before insulin 100 116 88 28 7. 8 10 . 6 8. 9 1. 70 60 60 34 Standing 
ti 93 111 82 29 9. 8 11. 5 8. 9 2. 60 74 74 60 ti 
ti 
ti 98 120 78 42 14. 5 16.l 12. 9 3. 20 72 72 141 ti 
ti 80 100 64 36 7. 7 9. 3 6. 2 3. 10 72 72 144 Rea.unbent on 
st ern\lll 
ti ti 101 114 87 37 18. 8 19. 5 17. 5 2. 00 60 60 54 Standing 
ti ti 103 131 103 28 22 . 0 23 . 0 20 . 5 2. 50 75 75 99 
ti ti 108 115 92 23 10. 0 10. 6 9. 7 0. 90 57 57 72 ti 
18 hrs . aft er 
insulin ; shock 
but seizures 
prevented wit h 
glucose 130 148 112 36 13. 8 15. 3 13. 4 1.90 60 60 59 ti 
10 Control -
before fast 145 168 120 48 10. 5 12. 0 8. 0 4. 00 90 90 87 Standing 
Control -
before fast 100 109 93 16 13. 0 14. 0 10. 0 4.00 102 102 111 ti 
Aft er fas t i ng 
4 days 119 136 102 34 11.0 12. 8 10.3 2. 50 72 72 81 ti 
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shock . This is surprising because a ll had been in convulsive seizures 
and coma for 12 to 24 hours before death . Most reports have indicat ed 
that parenchymatous degeneration of the brain was evident in humans and 
l aborat ory animals after having been in hypoglycemic seizures for as 
little as 2 to 3 hours (Altschul and Fineber g 1949 ; Hassin 1939 ; Tyler 
and Ziskind 1940; Winkelman and Moore 1940) . 
E. Heptad1lor Convu lsions 
Each of the 4 sheep given oral doses of hept ad1lor exhibited 
convulsive seizures beginning from 4 to 48 hours after admini strati on of 
the insecticide . Three died and the fourth was euthanatized after exhibiting 
intenni ttent seizures for 4 days . All sheep showed premonitory and 
preconvulsive symptoms similar to those described by Rade leff et al. (1955) . 
Signs of heptachlor toxicity invariably began wit h a changed facial expres -
sion followed by muscle twitches about the head and neck . These signs wer e 
followed by genera lized muscle spasms and convulsive seizures . Excitation 
of the animal or loud noises oft en initiat ed seizures . 
1. Cerebrospinal f luid and blood anal yses 
Results of biochemical analyses of blood and CSF t aken before and 
during heptachlor t oxicity ar e given in Table 16. These data are a l so 
graphically presented in Figures 23 t hrough 28. Bl ood and CSF glucose 
l eve l s wer e e levat ed (approximat e ly two-fold) before any signs of 
toxicity were observab le (Fi gure 23) . 'Ihe CSF glucose l evels returned 
t o near control levels in the one sheep that became depressed but did 
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Table 16. Result s of biochemical anal yses of CSF and blood t aken fran 4 sheep before and ch.ir i ng hept ach lor toxicity 
Sheep No . 11 lS 17 Zl Avg. 
Treatment SO mg/kg . No symp- 200 mg/kg. Hyper- lSO mg/kg. No symp- lSO mg/kg . Hyper-
toms within 7Z hrs . sensitivity at 7 tans at Z4 hrs . sensitivity at 4 hr s . 
Dose repeated at hrs . :-t.iscle Repeated dose at Z4 Int ermittent lTUSCle 
7Z hrs . ZOO mg/kg. twitches at 8 hrs. Died at 4S hrs . spasms and seizures 
given at 96 hrs . hrs . Died at ZO during first Z4 hrs . 
Died at llS hrs . hrs . Denressed but con-
vuisive when handled 
from 30 t o 100 hrs . 
Euthanatized at 100 
hrs. 
Blood CSF Blood CSF Blood CSF Blood CSF Blood CSF 
,-. Pre sz (Z)a 39 (Z) Sl (3) 49 (3) S7 (8) 44 (7) 46 (Z) S9 (Z) S2 48 ...... 
E Z4 hrs . 98 (1) 77 (1) 37 (1) 39 (1) 91 (Z) 66 (Z) 88 (S) 117 (S) 79 7S 0 
0 ...... 
48 hrs. 73 (1) (1) (Z) (2) (1) 103 (1) ....... S3 83 76 60 7Z 77 bO 
E ..._, 
(!) 
7Z hrs . 91 (1) 44 (1) z9 (1) 41 (1) 60 43 
VI 
0 
96 hrs . 78 (1) 47 (1) 78 47 u 
:J ...... 
t:i 
lZO hrs . 36 (1) 36 
Pre 134 (Z) 1Z8 (Z) 18 (Z) 7Z (8) 41 (8) so (Z) 9 (Z) 96 Z3 
,-. Z4 hrs . 178 (1) 171 (1) ZS (1) 96 (1) 3S (Z) 89 (S) 3Z (S) 134 3Z 
...... 
E 
48 hrs. 200 (1) 8Z (Z) (Z) 96 ( 1) 30 (1) 1Z6 34 ....... 38 VI ..... ..... 
§ 7Z hrs. Z40 (1) 1Z4 (1) 61 (1) 18Z 61 ..._, 
8 96 hrs. S7 (1) S7 
l ZO hr s. 109 (l) 109 
~er of samples analyzed . 
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Tab le 16 . (Conti nued) 
Sheep No. 11 15 17 21 Avg 
Pre 17 (2) 22 (3) 17 (8) 21 (6) 12 (2) 18 (2) 17 20 
,...., ..... 24 hrs . 34 (1) 27 (1) 22 (1) 14 (2) 21 (5) 17 (5) 26 16 
e ........ 48 hrs . 41 (1) 20 (2) 23 (2) 25 (1) 25 (1) 29 24 "' ..., 
'§ ....., 72 hrs . 51 ( 1) 22 (1) 19 (1) 37 19 
b: 96 hrs . 20 (1) 20 
t:> 
120 hrs . 23 (1) 23 
Pre 602 (3) 39 (3) 685 (2) 22 (2) 644 31 
,...., ..... 24 hrs. 620 (1) 23 (2) 973 (5) 24 (5) 797 24 s 
........ 
"' ..., 48 hrs . 729 (2) 36 (2) 960 (1) 32 (1) 849 35 ..... 
§ 
co 72 hrs . co 1015 (1) 61 
(1) 1015 61 
....., 
i5 96 hrs . 57 (1) 57 
....J 
120 hrs . 1003 (1) 1003 
Pre 144 (2) 157 (1) 144 ( 4) 163 (8) 156 (2) 161 (2) 150 156 
24 hrs . 163 (1) 182 (1) 163 (2) 156 (4) 157 (5) 156 166 
,...., ..... 
48 hrs . 213 (1) 164 (2) 166 (1) 161 (1) 166 179 ........ 
0-
! 74 hrs . 152 (1) 151 (1) 165 (1) 151 159 
+ 
"' 96 hrs. 155 (1) 157 (1) 155 157 z 
120 hrs. 164 (1) 164 
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Tabl e 16. (Continued) 
Sheep No. 11 15 17 21 Avg. 
Pre 3. 65 (3) 4. 32 (4) 3. 70 (8) 4. 88 (2) 3. 95 (2) 4. 61 3. 77 
24 hrs. 4.15 (1) 4. 40 (1) 3. 74 (2) 4. 31 (4) 3. 75 (5) 4. 36 3.88 
,...... 
48 hrs . (2) (1) ...... 4. 10 3 . 61 (2) 6 . 00 4.50 (1) 5 . 20 4.06 ........ 
i ....., 72 hrs. 4. 75 ( 1) 3. 80 (1) 4.75 3. 80 
+ :,..: 96 hrs. 4. 40 (1) 4. 22 (1) 4. 40 4.22 
120 hrs . 6.48 ( 1) 6 . 48 
Pre 9 . 64 (1) 8.12 (2) 8. 48 (1) 8. 38 (6) 11. 40 (2) 7 . 80 (2) 9 . 94 8.48 
24 hrs . 7. 84 ,...... (1) 9 . 92 (2) 8. 50 ( 1) 8. 96 (2) 7. 80 (5) 8. 20 (5) 8. 16 8. 74 
...... 
........ 48 hrs . 10. 26 ( 1) 8. 48 (2) 8 . 82 (2) 10 . 16 ( 1) 8. 58 ( 1) 9 . 32 9 . 22 CT 
~ ....., 
72 hrs . 8. 30 (1) 8. 26 ( 1) 9 . 08 (1) 7. 68 (1) 9 . 08 7. 98 
+ + 
"' 96 hrs . 7. 80 (1) 7. 80 (1) 7. 80 7. 80 u 
120 hrs . 9 . 30 (1) 9 . 30 
Pre 1.56 (2) 5.56 (2) 1. 70 (3) 5.24 (3) 2.38 ( 1) 3. 74 (7) 3. 82 (2) 2 . 54 (2) 2. 36 4.28 
,...... 24 hrs. 1.66 3.80 ( 1) 1.68 (1) 8. 90 (1) 2.28 (1) 4. 94 (2) 2. 60 (5) 3.50 (5) 2. 06 5.28 
...... 
........ 
CT 
! 
48 hr s . 1.42 6.40 ( 1) (Died) 2. 46 (2) s .10 (2) 3. 34 (1) 4.04 (1) 2.40 5.18 
+ 74 hrs . 2.10 3 . 88 (Died) 3. 46 ( 1) 2 . 20 ( 1) 3. 28 3. 04 + ~ 96 hrs. 2. 34 ( 1) 2. 82 ( 1) 2. 34 2. 82 
120 hrs . 3. 28 (1) 3. 28 
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not die in seizures (Sheep 21). The blood glucose levels were very 
erratic in this sheep. Slight but consistent e levations in glutamic 
oxalacetic transaminase were noted in both blood and CSF (Figure 24) . 
No increase in CSF or blood GPT activities was observed. Slight elevations 
in lactic dehydrogenase activities were noted in the two sheep from which 
srunples were analyzed (Figure 25). Slight e levations in blood and CSF 
Na+ occurred up to 48 hours (Figure 26). Levels of ~ were inconsistent 
and of questionable significance (Figure 27). No definite changes in 
Ca++ levels were evident (Figure 28). 
2. Recordings of physiological data 
Physiological data were obtained from 1 of the 4 sheep in which 
convulsive seizures were induced with heptachlor (Sneep 21). Both blood 
and CSF pressures and heart rate were increased slightly during the mild 
seizure activity (Table 17). Representative tracings are presented in 
Figures 6 and 7. Figure 6 sha.~s a control tracing. Note that CSF 
fluctuations are correlate<l with blood pressure instead of respiration . 
Figure 7 sh™s the recordings while the sheep was exhibiting intennittent 
whole body muscle spasms. It was noted that the CSF pressure was not 
elevated before or after the spasms . 
3. Postmortem examination 
Examination of the brains of 3 sheep in which seizures were induced 
with heptad1lor did not disclose any neuron degeneration. The usual 
lymphocytic meningitis, presumably a reaction to the CSF catheters , was 
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Table 17. Blood, CSF, and respiratory data recorded from a sheep given heptachlor (Sheep 21) 
Arterial blood Eressure {nm Hg) CSF Eressure {nm Hg) Heart CSF Resp. 
rate rate r at e 
Experimental per per per 
stage Avg. Syst . Di ast. Pulse Avg. Syst . Diast . Pulse min. min. min. Canment 
Pretreatment 108 122 91 31 2. 6 2. 9 2.2 0. 70 66 66 44 Standing 
It 106 124 92 32 S. 3 6.3 4. 6 l. 70 69 69 36 It 
4 hrs . after 
heptachlor; 
preconvulsi ve 
muscle twit-
ch es 108 128 94 34 2. 8 3. 8 l. 7 2. 10 84 84 69 II 
6 hrs. -
muscle spasms 104 118 86 32 7. 9 9. 7 7. 0 2. 70 72 72 96 II 
10 hr s . -
intermittent 
spasms. and 
twit ches 108 124 90 34 4. 8 6. 2 4.0 2.20 7S 7S 66 II 
20 hrs . -
depressed , 
infrequent 
muscle spasms 98 114 84 30 11.S 13.l 10. 7 2. 40 66 66 S7 II 
29 hrs. -
depressed 
(between inter-
mittent convul-
sions) 98 112 84 28 10.S 12. 0 8.S 3. SO 63 63 60 On s t e rntnn 
30 hrs . - same 88 118 63 SS -0. 2 +l.2 -1.S 2.70 96 96 87 CSF had been 
previously 
excessively 
sampled 
74 hrs . - mild 
convul sive 
seizures 138 164 122 42 9.2 11.0 8. 0 3.00 13S 13S 36 
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found. The results of the examinations of the brains are recorded in 
Table 6 (Sheep 15, 17 and 21). 
F. Coraparati ve Effects of Seizures Induced with co2, Insulin , 
and Heptad1 lor 
1. Cerebrospinal fluid and blood biod1emical d1anges 
Those biochemical changes in the CSF and blood that were associated 
with seizures induced by inhalation of co2 were more rapid than in the 
other experiments because of the acute nature of the experiments . However , 
elevations in blood and CSF glucose noted during the co2 induced seizures 
were paralleled, although less acute , in those sheep poisoned on heptachlor. 
The opposite effect on glucose levels was noted , of course, in those sheep 
exhibiting insulin seizures . 
Cerebrospinal fluid and blood GOT activities were elevated during the 
co2 and heptachlor induced seizures . However , CSF elevations appeared 
before those in the blood during co2 induced seizures, but blood elevations 
appeared before those in the CSF during heptachlor seizures . 111e elevations 
in blood serum GOT activities appeared aft er several hours of seizures 
during insulin shock , but elevations were not evident in the CSF. 
Blood and CSF potassitun values were definitely e levated during the COz 
induced seizures , were not changed appreciably during the heptachlor 
seizures , and if anything, were decreased during insulin shock. However , 
no blood analyses were made <luring the insulin experiments . 
There were slight elevations in blood and CSF Na+ during the initial 
induction of co2 seizures and a lso during early stages of heptachlor 
toxicity . Cerebrospinal fluid Ca++ and Mg++ levels were elevated during 
COz seizures , but these values are questionable because _one sheep showed 
definite elevations while the other did not . No definite changes in ca++ 
and Mg++ values were evident during heptachlor toxicity . 
No appreciable changes in GPT activities were detected in t he CSF 
and blood from any of the sheep in this study . 
The biochemical and physiological changes associated with convulsive 
seizures reported herein are preliminary. Cerebrospinal fluid obtained 
from the catheterized animals , even after apparent recovery from surgery , 
cannot be considered as entirely nonnal fluid . The elevations in enzyme 
activities and protein content in the CSF (Table 3; Figure 8) plus the 
histopathological findings (Plate 2; Table 6) indicate that an inf l ammatory 
reaction existed in the CNS. However , this does not necessarily invalidate 
t he significance of changes detected during seizure activity. The chief 
difficulty apparent ly resulted from tissue reaction to t he catheter or phenolized 
heparin ; less from the technique for placement . Use of an improved type 
of catheter material , improved procedure for its placement, and better 
aftercare would further reduce the tissue response . 
2. Physiological data 
The striking elevations in blood and CSF pressures and in heart and 
respiratory rates during co2 seizures were not as dramatic in the insulin 
and heptach lor experi ments . rlcMever , it should be noted that t he data 
were recorded continuously during the co2 seizures . In contrast , because 
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of the chronic nature of the insulin and heptachlor experiments, 
continuous measurement of the pressures was not possible . Only occasion-
ally were physiological data recorded during a convulsive seizure during 
these experiments . 
A surrnnary of maxi mum physiological and biochemical changes that 
occurred in sheep during convulsive seizures induced with COz, insulin, 
and heptachlor is given in Table 18. 
3. Postmortem changes 
No neuron damage was observed in any of the brains from the sheep 
in the entire study . The sheep that died during COz inhalation had 
multiple focal hemorrhages throughout the brain. This was not observed 
in any of the other sheep . 
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Table 18. Summary of maximum physiological and biochemical changes 
during convulsive seizuresa 
~~an maximt.nn response values 
Mean con- C02 Insulin Heptachlor 
Parameter trol valuesb seizures seizures seizures 
Bl ood CSF Blood CSF Blood CSF Blood CSF 
Av'J, . pressure 
126d 10. 8d nnn. Hg 105 7.9 201C 30.8c 138e 9.2e 
Systolic pres -
228£ 35 . 8£ 143d 12.3d 164e 11.0e sure , nnn . Hg 124 8. 8 
Diastolic pres-
sure , rron . Hg 92 6. 9 187c 28 . 3c 102d 9. 8d 122e 8. 0e 
Pulse pr essure 
62f 16.6f 4ld 2. 6d 4Ze 3. 0e nun . Hg 33 2.1 
Heart and CSF 
60d 60d r ate/min . 85 85 251c 251c 135e 135e 
Respiration ~ 21c 
43d r ate/min . 58 lllg ~ 36e 
81-nose values accompanied by an arrow (~) represent maximum decreases . 
The remainder r epresent maximum increases . 
bFoll owing r ecover)r f r om surgery but before seizures were induced . 
c6 minut es a~er begi nning co2-o2 inhalation. 
dl 8 hours fol lowing insu lin injecti on ; insulin shock but not during 
seizures ; sheep standing. Note : pressure and r at e values were decreased 
when the sheep became depressed and were recumbent . 
e~ti. ld seizures induced wi th heptach lor . 
f 1 minute after beginning co2-o2 inhal ation . 
g30 minutes after beginning co2-o2 inhalation. 
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Tab le 18 . (Continued) 
:.iiean maxi r.lUfil response 
:...lean con- COz Insulin 
Parameter trol valuesb seizures seizures 
Dl ooCi CSF Blood CSF Bl ood CSF 
Glucose 
12lh + 08j mg . /100 ml. 55 44 1061 03J 
(,QT 
units/ml. 76 28 llzh 47f 108m 64m 
GPT 
units/ml 13 17 zs0 3og 13m zzP 
LDrl 
735h 65° units/ml. 721 29 
:>Ja+ mEq/l. 146 156 157h 158° + 119j 
+ K mEq/l. 4. 37 3 . 34 8. 8711 4. osc +z. 6SP 
ca++ mEq/l . 8. 60 8.12 9 . 64i ll.42g 
1--lg ++ mEq/ 1. 2. 83 4. 18 2. 84° 7. 72c 
PCV % 31. 7 44.2C 
pH 7. 57 7. 45 + 6. 72 c + 6. 94 c 
h15 minutes after beginning COz-02 inha l at i on . 
i240 minutes after beginning COz-Oz inhalation . 
values 
Heptachlor 
seizures 
Bl ood CSF 
79k 771 
134k 6 ln 
37n 241 
1015n 6ln 
166 1 1791 
6.48q 4. 061 
9.3o1 9 . 221 
3 . zsn s . zsk 
j During insulin shock seizures before g lucose treatment. 
kwi thin 24 hours following closing with hcptad1 lor, usually before 
symptoms were noted. 
1Within 48 hours following dosing with heptachlor . 
mAt death or r ecovery f rom insu lin shock . 
n1•.1ithin 72 hours following dosing with heptachl or . 
0 60 minutes after beginning co2-o2 inha l ation. 
PFollowing insulin injection but before seizures had begtm. 
ql20 hours following dosing with heptachlor. 
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Surgical techniques have been deve loped for the placement of 
permanent , direct , indwelling catheters into the cisterna rnagna and 
carotid artery of sheep. Simultaneous pressure recordings and serial 
sampling of arterial b lood and cerebrospinal fluid (CSF) were accomplished 
before , during and follo.~ing induced convulsive seizures . Seizures were 
induced by 3 methods: (1) inhalation of a gas mixture containing 68 
percent COz and 32 percent Oz for approximat e ly 6 minutes , (2) subcu-
taneous injection of insulin , and (3) oral administration of heptachlor. 
Biochemical analyses performed on simultaneously taken blood and CSF 
s~nples included (1) glucose , (2) glutamic-oxalacetic transaminase (GOT) , 
(3) glutamic-pyruvic transaminase (GPT), ( 4) l actic dehydrogenase (LOH) , 
(5) pH (C02 induced seizures only) , (6) so<lilllil , (7) potassium, (8) calcium, 
(9) magnesium, and (10) CSF total protein . In addition , packed cell volume 
(PCV) determinations were made during co2 seizures. Post mortem examinations 
were conducted on the brains of 13 sheep that were euthanatizecl or t hat died 
during convulsive seizures . 
Cerebrospinal fluid and carotid artery catheters were placed in 19 
sheep. After recovery from surgery (approximately 10 days) the following 
mean values for physiological data were recorded from 17 of the sheep: 
blood pressure 105 ± 12 nun Ilg; CSF pressure 7. 9 ± 3. 0 nun Hg; heart r ate 
85 t 13 per minute; CSF rate 85 ± 13 per minute , and respiratory rate 58 
! 34 per minute . These data were t aken from a total of 37 separate 
recordings of the sheep while standing quietly. 
................... ____________________ ~-=------
Comparisons were made bet ween va lues for constituents of blood and 
CSF taken before the catheters were established and after the sheep had 
recovered f rom the surgery . The values for all constituents rreasured 
were essentially the same except for a t wo- fold increase in CSF prot ein, 
glut amic-oxal acetic transaminase , and l actic dehydrogenase . These changes 
indicated that an inf l ammati on existed in t he CNS. Post mortem examinations 
of the sheep brains corroborat ed this in that all shrnved varied degrees of 
ll'eningitis and in some cases encephalitis characterized by infi ltration of 
lymphocyt es and, to a lesser ext ent , neutrophils. As the surgical technique 
for placing t he CSF catheter into the cisterna magna was i P.lproved , the 
protein and enzymic changes became less pronol.D1ced and the meningitis 
became less severe . 
Physiological and biochemical changes that occurred in 6 sheep during 
co2 induced seizures were very acute . Arteria l blood and CSF pressures 
increased t wo- and three- f old , respectively, within 1 minute after beginning 
COz inhalation. Heart r at es increased by three - fold within 6 minutes . 
Respiration rates decreased during co2 inhalation , but increased after co2 
administration was discontinued . Both blood and CSF glucose levels doubled 
during the seizures . Definite elevations in serum, and to a lesser extent 
CSF , potassium values occurred within 6 minutes , but returned to near 
nonnal within 1 hour. Both blood and CSF pl! decreased by 0.5 to 0. 7 l.D1its 
within 1 minut e and also returned to normal wi thin 1 hour . Glutamic 
oxal acet ic transaminase activities were e levated in both blood and CSF of 
t he few sheep from which analyses were made . Bl ood PCV increased by 
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25 to 30 percent within l minute, but returned to near control values 
within l hour. The CSF calcium and magnesium levels increased 
inconsistently during co2 seizures . 
Convulsive seizures were induced in 5 sheep with insulin injections 
and in 4 sheep with oral heptachlor. Physiological and biochemical d1anges 
were rnud1 less acute than during COz induced seizures . Blood and CSF 
pressures were increased during seizure activity but decreased during 
periods of depression . Blood and CSF glucose decreased to below 10 rng/100 
ml during insulin shock seizures , but after treatment with glucose or DL-
glutamic acid the values returned to above control levels . After insulin 
induced seizures became well advanced (30 minutes or more) all animals 
died , even though blood and CSF glucose leve ls were increased to twice 
those of control. Blood and CSF glucose levels increased markedly in the 
sheep given heptachlor, even before signs of toxicity were evident . Slight 
elevations in blood serum transaminase (SGOT) were noted in the sheep given 
heptachlor. Sodium and potassium values decreased in those sheep given 
insulin , but a limited number of samples were analyzed. 
Changes in t he other constituents during seizures induced by all 3 
methods were of questionable importance . No changes in glutamic-pyruvic 
transaminase activities were noted in any sheep. 
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VIII. APPENDIX A: FIGURES 
Figure 1. Representative control tracings of blood pressure, 
CSF pressure, and respiratory rate in a quietly standing 
sheep. Note that the CSF pulsations are correlated with 
blood pressure and not with respiration. 
-
95 
Figure 2. Representative control tracings of blood pressure , CSF 
pressure and respiratory rate in a sheep (No. 19) while 
standing and breat hing r oom air from a spirometer. Not e 
the dual correlations of CSF pulsations with r espir ation 
and blood pressure . 
97 
Figure 3. Representative tracings of blood pressure , CSF pressure 
and respiratory rate from the same sheep as Figure 2 
(No. 19) made approximately 3 minutes after beginning 
co2-0z inhalation . 
99 
Figure 4. Representative control tracings of blood pressure, CSF 
pressure and respiratory rate from a sheep (No. 7) made 
before the insulin experiment. 
\ 
I 
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Figure 5. Representative tracings of blood pressure , CSF pressure 
and respiratory rate from the same sheep as Figure 4 
(No. 7) while in insulin shock stupor following seizures. 
Note the slight influence of respiration on the CSF 
pressure. The sheep was lying on its sternum. 
103 
Figure 6. Representative t racings of blood pressure , CSF pressure 
and respiratory rate from a sheep (No. 21) before it 
was given heptachlor. 
I 
I 
I 
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Figure 7. Representative tracings of blood pressure, CSF pressure 
and respiratory rate from the same sheep as Figure 6 
(No. 21) while exhibiting intermittent whole body muscle 
spasms 6 hours after being given 150 mg/kg heptachlor. 
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Figure 8. ~~an blood and CSF levels of glucose , GOT, GPT , and CSF protein 
before surgery (CQ~TROL) and after recovering from surgery (POST) . 
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-Figure 9. Mean blood serum and CSF levels of sodium, potassium, calcium 
and magnesium before surgery (CONTROL) and after recovering 
from surgery (POST) . 
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Figure 10 . ~an blood sen.un and CSF levels of LDH activity before surgery 
(CQ~TROL) and after recovering from surgery (POST). 
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Figure 11. t·ean blood and CSF glucose va lues before , during and following 
inhalation of the COz - Oz mixture (COz) and room air (CONTROL) . 
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Figure 12. ~~an blood serum and CSF GOT activities before , during and 
fo llowing inhal ation of the co2-o2 mixture (C02) and room air (CQ~TROL) . 
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Figure 13. Mean blood sen.un and CSF potassit.nn values before , during and 
follaving inhalation of the co2-o2 mixture (COz) and room air (CQ'JTROL) • 
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Figure 14. ~an blood serum and CSF sodit.Ull va lues before, during and 
follo.~ing inha l ation of the co2-o2 mixture (C02) and room 
air (CQ\JTROL). 
\ 
I 
180 
170 
_J 
........ 
cr 
w 
~ 
160 
150 
Q 
\ 
\ 
0 
I '-
/ ' 
I ' 
o.----o BLOOD ( CONTRO L) 
o o BLOO D (C02) 
o- - - o C S F ( CONTROL) 
o---o CS F (C02) 
SODIUM 
I '-
'I ' o 
0 .............. ......_ _o, 
-....... -....... .,,.,,,,.... - o-'-.....:-1 
.......... - ----- ~ 
.......... ------
' o - - - --,,.... 
~------------~ 
0 10 20 30 40 50 60 
GAS OFF MINUTES 
(.- - -0 
....... 
'o 
r-° 
~ 
240 
-Figure 15. !'-~an blood and CSF pH values before , during and following inhal ation 
of the co2-o2 mixture (COz) and room air (CONTROL) . 
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Figure 16. Mean blood PCV percentages before , during, and following 
inhalation of the COz-Oz mixture (COz) and room air (Ca~TROL). 
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Figure 17. Mean blood serum and CSF calcium values before , during and 
fo llowing inha l ation of t he COz - Oz mixture (COz) and room air 
(CQ'JTROL) . 
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Figure 18. M:~an blood sen.un and CSF magnes itun values befor e , during and 
fo lla.,ring inhalation of the COz -Oz mixture (COz) and room air 
(CONTROL) . 
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Figure 19 . ~~an blood pressure , CSF pressure, and heart and respiratory rates 
before , during and fol lowing inhalation of the co2-o2 mixture 
(COz) and room air (CONTROL). 
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Figure 20 . ~~an blood and CSF g lucose va lues during insulin shock (INSULIN) and 
fasting periods (CONTROL) . E>..-perimental stages are as fol lcMs : 
Pre '"' before fast began ; 1 = aft e r fast ing 24 t o 48 hours and before 
insulin was given; 2 = after insulin was given but before seizures 
began ; 4 = seizures after glucose or glut arnic acid was given; 5 = 
at time of death or r ecovery or , in the case of controls , at time of 
euthanasi a . 
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Fi gure 21. ~~an bl ood sen.llTl and CSF GOT activities during insulin shock 
(INSULIN) and fast i ng periods (CQ\ffROL) . Experiment al st ages 
are t he same as i n Fi gure 20 . 
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Figure 22. ~ean blood serum and CSF GPT activities during insulin shock (INSULIN) 
and fasting periods (CCNTROL) . Experiment a l stages are the same as in 
Figure 20 . 
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Figure 23 . ~ban blood and CSF glucose values during heptachlor toxicity . 
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Figure 24. ~ean blood serum and CSF transaminase values during heptachlor toxicity . 
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Figure 25. ~~an bl ood serum and CSF LOH values duri ng hept achlor t oxi city. 
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Figure 26 . Mean blood serum and CSF sodium values during heptachlor toxicity . 
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Figure 27 . ~~an blood serum and CSF potassit.nn va lues during heptachlor toxicity. 
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Figure 28 . tvean blood sen.u11 and CSF calcitun and magnesium values during 
heptachlor toxicity. 
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IX . APPENDIX B: PLATES 
Pl ate 1. Illustration showing the relative positions of cathet ers in the 
cisterna magna and carotid artery of a sheep . 
I-CAROTID ARTERY 
2-THYROLARYNGEAL ARTERY 
A-OCCIPITAL BONE 
B·ATLAS 
C·CEREBELLUM 
O·CEREBRUM 
E-BRAIN STEM 
F·OURA MATER 
Plate 2. Photomicrographs of sections f r om the medulla ob longat a 
of sheep in which a catheter had been p laced into the 
cisterna magna ( 400X magnification) . 
Top picture - Severe acute lyrnphocytic meningitis and 
encephalitis. There is thickening of the 
rreninges due t o infiltration of lymphocytes. 
General gliosis of the brain is also present. 
At least one neuron shows satellitosis. 
Center picture - Chronic lyrnphocytic meningitis with 
extensive fibrosis of the meninges . 
Botton picture - Mild lyrnphocytic meningitis with moder ate 
fibrosis of the meninges . 
Note : Physiological saline solution containing 0. 05 
percent heparin had been injected into the CSF 
catheters of the 2 sheep from which the top and 
center sections were taken . The sheep from which 
the bottom section was t aken received no heparin . 

